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Summary
This thesis examines the impact of health and health-related behaviour on labour 
market outcomes in China. The data source used in this analysis is the second - 
seventh waves (1991, 1993, 1997, 2000, 2004 and 2006) of the China Health and 
Nutrition Survey (CHNS). The main analysis focuses on these related issues: the 
impact of health on employment; the impact of health on wages; and the impact of 
health-related behaviour on employment and wages.
This thesis provides new evidence to the limited existing evidence which examines 
the effect of health on labour market outcomes for the Chinese working-age 
population and therefore adds to the international literature in this area. It also 
provides evidence to policy makers, including the 17th and the 18th National 
Congress of China on improving the health of the whole nation. Chapter 1 outlines 
the motivation and objectives of the thesis. Chapter 2 briefly reviews the labour 
market and the health care system in China. Chapter 3 provides detailed description 
of the CHNS, and an overview of health and labour market outcomes in China.
Chapter 4 examines the effect of self-reported health status and obesity (as measured 
by Body Max Index (BMI)) on the probability of being employed. The empirical 
strategy involves a Random Effects (RE) probit model, a Fixed Effects (FE) logit 
model, and a recursive bivariate probit model which controls for the potential 
endogeneity of health. The results show that having better health status is found to be 
positively associated with employment for the Chinese working-age population. 
There is a statistically significant and negative relationship between having an 
unhealthy BMI and employment. These findings are consistent with the international 
literature. There is evidence of discrimination against people who have unhealthy 
body weight, when assuming SRHS completely capture the impact of health on 
productivity. The results are found to be vary within the population, the result finds 
that the positive relationship between better health and employment is larger for men 
and older working-age population than for women and the young working-age 
population, respectively. Furthermore, failure to account for the endogeneity of being 
overweight underestimates its impact on employment and this is consistent with 
international literature.
XVI
Chapter 5 estimates the impact of self-reported health status and obesity on hourly 
wages for non-agricultural employees. In addition to using the RE and the FE model, 
the analysis uses a Two Stage Least Squares (2SLS) and a Heckman (1979) selection 
correction method to separately control for the potential endogeneity of health and 
sample selection bias. The results show that having excellent health status is 
positively correlated with hourly wages for the Chinese workers. However, having an 
unhealthy BMI does not have a statistically significant effect on wages. However, for 
female workers being obese is predicted to reduce hourly wages by 22.40% 
compared to their normal weight counterparts, which is larger than that of the 
international literature. Based on the 2SLS method, the null hypothesis of exogeneity 
of health cannot be rejected for all sample groups within the Chinese population. 
However, the statistically significant and positive relationship between better health 
and wages largely disappears after controlling for sample selection bias.
Chapter 6 examines the simultaneous effect of drinking alcohol and smoking status 
on employment and wages. To allow for the potential endogeneity of drinking and 
smoking simultaneously, this chapter adopts Newey (1978)’s two-step and 2SLS 
methods to estimate the effect on employment and wages, respectively. For the 
overall population, both drinking and smoking status are found to be positively 
correlated with employment but not with hourly wages. The results confirm the 
literature that there is a positive and inverse U-shaped relationship between drinking 
and employment, which is also robust across different ways of measuring drinking 
behaviour. Smoking incidence is found to be positively correlated with employment 
for men but not for women. Furthermore, there is no evidence of endogeneity of 
drinking or smoking. Chapter 7 summarizes the key findings, explores the policy 
implications, and identifies limitations and issues for future research.
XVII
Chapter 1 Introduction
1.1 Context and Motivation of the Thesis
There are different understandings of views on the definition of health. The World 
Health Organization (WHO) defines health as ‘a state o f complete physical, mental 
and social well-being and not merely the absence o f disease or infirmity’ (WHO, 
2006). Public policymakers usually emphasis the utilization and quality of medical 
care services when they talk about health, and mostly focus on education as human 
capital in the context of employment and productivity. In fact, health, along with 
education, job training and migration are four fundamental elements of human 
capital (Schultz, 1962). During the past three decades considerable attention has been 
paid to the role of education along with job training in labour market success. Human 
capital plays an import role in economic development (Simkovic, 2012). Importantly, 
research in labour economics has extended to investigate the relationship between 
health and labour market outcomes, which is also a pillar of the health economics 
(Fan, 2002).
Nowadays there is increasing public emphasis on the improvement of health. One 
reflection of this trend is the steady increase of inputs and expenditures in the health 
sector. It is a worldwide trend and China is no exception. However, economic 
resources are always scarce. A society has to optimize the allocation of limited 
resources to improve national health. For example, public policymakers must know 
the costs of poor health to society in order to conduct an efficient allocation of 
resources on preventing and treating diseases. As argued by Fan (2002), these costs 
take many forms. In addition to physical or mental pain, and the mental distress to 
family and friends, there are also economic costs. Direct economic costs include the 
medical expenses on the treatment, care and prevention of disease. Indirect costs 
include the economic losses that are caused by sickness. One important component 
of the latter is the lost output as a consequence of reduced labour market performers 
such as reduced working opportunities and salaries, including working hours and the 
chance of promotion (Contoyannis and Rice, 2001; Pelkowski and Berger et al., 
2004). It is therefore important to know health impact on labour market outcomes.
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Most developed countries have fully recognized the importance of health care 
services. The financial expenditure of countries such as the UK, the US and Japan 
indicates that the share of expenditure on health care has become one of the 
important signs of prosperity and social advance of the country concerned (Wang, 
2011). At present, China is going through economic transformation and has one third 
of working-age population in the word, which makes the gap between the health care 
system of China and that of developed countries particularly pronounced. The study 
of the relationship between health and labour market outcomes for the Chinese 
population is also new evidence in developing country where understanding the 
importance of the health is less advanced.
According to the Report of Commission on Macroeconomics and Health (CMH)1 in 
China, 2005 (simply abbreviated as CMH, 2005 thereafter), investment in health has 
been put on China’s development agenda. Furthermore, in the Eighteenth National 
Congress of the Communist Party of China (CPC) in 2012, general secretary of the 
CPC, Hu Jintao, also put promoting employment, increasing people’s income and 
improving the level of people’s health as three of the primary tasks on improving 
people’s livelihood and innovation to strengthen the construction of social 
management. Therefore, a better understanding of the relationship between health, 
employment and wages which is the focus of this thesis is helpful in achieving these 
targets.
1.2 Aims and Objectives of the Thesis
The contribution of the human capital to economic development has been supported 
by many studies since the 1960s (Schultz, 1961; Becker, 1962, 1964). Although the 
relationship between health and economic development has come to the attention of 
economic researchers very early (Mushkin, 1962; Becker, 1964; Grossman, 1972a), 
most studies have focused on economic returns to education, for example, Card 
(1999), Blundell et al. (2000), Walker and Zhu (2003), and O’Leary and Sloane 
(2006). Compared to education, the studies on economic returns to health are 
relatively scarce (Zhang, 2003). Theoretically, health is often related to the labour
1 The Report o f the CMH, which is established by the WHO, aim at investigate the relationship 
between health, economic growth and poverty. So far this program has covered many countries in 
Africa, The Americas, Eastern Mediterranean, Europe, South-East Asia and Western Pacific.
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market outcomes through productivity (Becker, 1964; Grossman, 1972b). Better 
health is likely to have a positive effect on the capacity or ability to perform a job 
and leads to higher productivity, hence individuals with better health are predicted to 
have a higher probability of being employed. On the other hand, low productivity is 
also associated with poor health, thereby decreasing individuals’ wages.
Based on the China Health and Nutrition Survey (CHNS), the main area of analysis 
in this thesis lies with the impact of health on labour market outcomes in China. 
They correspond to the three main empirical chapters in this thesis, more specifically, 
Chapter 4 examines the impact of self-reported health status and Body Mass Index 
(BMI) on employment status; Chapter 5 investigates the impact of self-reported 
health status and Body Mass Index (BMI) on hourly wages; and Chapter 6 examines 
the impact of drinking and smoking on both employment status and wages. This 
thesis draws on the existing literature, and contributes new evidence in several ways.
First, it provides new evidence to the limited existing evidence on examining the 
effect of health on labour market outcome for the Chinese working-age population 
and therefore adds to the international literature in this area. A large body of 
international literature has shown that health has a substantial effect on employment 
(Luft, 1975; Stem, 1989; Bound, 1991; Baldwin and Johnson, 1994; Morris, 2004 
and 2007; Greve, 2008; Cai and Kald, 2006; Zhang et al., 2009; Cai, 2010; Garcia- 
Gomez et al., 2010) and wages (Lee, 1982; Haveman et a l , 1994; Contoyannis and 
Rice, 2001; Cawley, 2004; Pelkowski and Berger, 2004; Gambin, 2005; Kline and 
Tobias, 2008; and Cai, 2009) in the US and in many other western countries such as 
the UK, Germany, Canada, and Australia. However, only a few studies, such as 
Benjamin et a l , (2003), Arcand and Labar (2005), Lin and Chen (2010) and Pan and 
Qin (2010), focus on specifically China. Compared to Arcand and Labar (2005), this 
thesis uses the data from the most recent waves of the CHNS. Further, unlike several 
of the studies above, this analysis is based on a representative sample of the Chinese 
population from CHNS. For example, Benjamin et al. (2003) and Pan and Qin (2008) 
rely on a sample of the elderly in rural areas and a sample of urban working-age 
adults, respectively, while Lin and Chen (2010) only focus on a special 
administrative region, Taiwan.
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Second, this thesis examines multiple dimensions of health by using a range of 
measures of health. Currie and Madrian (1999) generalize the measures of health into 
eight types, which are: (1) the self-reported health status (SRHS); (2) nutritional 
status, for example, height, weight, BMI, or the level of energy intake; (3) the 
presence of health limitations; (4) the presence of functional limitations (e.g. 
activities of daily living); (5) the presence of chronic and acute diseases; (6) the 
presence of mental health problems or health related activities such as alcoholism 
and heavy smoking; (7) the utilization of medical care; and (8) mortality. The 
majority of studies focus on self-reported health status, nutritional status, and the 
presence of health limitations or chronic diseases, and the estimates of these effects 
on labour market outcomes are quite sensitive to the measure used (Currie and 
Madrian, 1999). Several studies that use multiple measures of health, such as Garcia- 
Gomez (2011) who analyse self-reported health status and the presence of chronic 
diseases, and Johansson et al. (2009) who use BMI, Waist Circumference (WC) and 
fat mass to measure obesity in estimating the effect of body weight on employment. 
Both Stem (1989) and Garcia-Gomez et al. (2010) use three types of health measures, 
namely self-reported health status, the presence of chronic diseases, and the presence 
of mental health problems to measure health, respectively. This thesis not only 
considers health as measured by self-reported health status and BMI, but also extends 
to two measures of health-related behaviour, including drinking alcohol and smoking 
cigarettes. While both these measures have previously been considered in the 
literature. Much of the existing evidence only focuses on the effect of drinking or 
smoking status. Auld (2005) argues that drinking and smoking are highly correlated, 
so that failing to control for one when estimating the effect of the other might lead to 
biased results. By considering health-related behaviour, this thesis also contributes to 
the literature relating to the simultaneous effect of drinking and smoking on labour 
market outcomes.
The data source used in this analysis is the second - seventh waves (1991, 1993, 1997, 
2000, 2004 and 2006) of the CHNS. The data has several advantages including a 
stratified random sampling which increases precision and provides better coverage of 
the population, a large sample, and its panel nature, that is, the same individuals are 
interviewed over time. Unlike using the cross-sectional data, this chapter employs 
panel data analysis and therefore is able to control for individual unobserved factors
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which may bias the estimates (Arulampalam and Booth, 1998; Garcia-Gomez and 
Nicolas, 2006; Cai, 2010; and Garcia-Gomez et al.y 2010). In addition, the survey 
adopts almost the same index system and consistent definition of variables across 
time, such as consistent measure of weight and height (which are used to construct 
BMI) and same measure of monthly \yages (which is used to construct hourly wages), 
thereby obtaining consistent estimates of the impact of health on labour market 
outcomes.
In addition to examining different measures of health, this thesis also considers other 
issues in estimating the relationship between health and labour market outcomes, 
particularly the potential endogeneity of health, and sample selection bias. The 
endogeneity of health might arise from either the reverse effect of labour market 
outcomes on health, or unobserved factors that affect health and/or labour market 
outcomes. Sample selection bias might arise when examining the impact of health on 
wages, since wages are only observed for employed workers, and the unobserved 
determinants of wages may be correlated to the employment status. A number of 
studies have employed an IV method to address the potential endogeneity of health 
in estimating its effect on employment (Stem, 1989; Bound et al., 1996; Mullahy and 
Sindelar, 1996; Cawley, 2004; and Lin and Chen, 2010) and wages (Haveman et al., 
1994; Hamilton and Hamilton , 1997; Macdonald and Shields, 2001; Barrett, 2002; 
Lye and Hirschberg, 2004; Pelkowski and Berger, 2004; Auld, 2005; Jackie and 
Himmler, 2007; Cai, 2009; Lin and Chen, 2010; and Forbes et al., 2010). This thesis 
uses IV methods and the Heckman (1979) selection model to control for the potential 
endogeneity of health and sample section bias, respectively.
The fifth advantage of this thesis is that the analysis is carried out for sub samples 
within the Chinese population, which facilitates on exploring the differences across 
genders, age groups and area of residence. Many international studies have estimated 
the effect of health on labour market outcomes between genders and relatively fewer 
studies capture the difference across age groups, although the evidence in examining 
these issues are somewhat mixed. Researchers argue that it is important to cover the 
entire working-age group rather than a narrowly defined sample of individuals such 
as studies focus on the retirement decisions to the older working-age population. In 
addition, the health status is likely to be generally qualitatively different across
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individuals at different age groups, so that empirical analyses should consider age 
groups separately (Mullahy and Sindelar, 1996). The analysis is also undertaken for 
urban and rural residents separately since composition of employment opportunities 
and health are expected to vary across these areas in China. Indeed employment 
reforms in the middle 1990s increased the employment pressure in urban areas, 
whereas in rural areas agriculture is still dominant and most of the workers are either 
self-employed or family-run enterprises. Furthermore, there are differences between 
urban and rural residents due to the substantial difference in the health care system 
between the urban and rural area in China (see Section 2.4 in Chapter 2).
1.3 Thesis Structure
The remainder of this thesis is structured as follows. Chapter 2 briefly reviews the 
labour market and the health care system in China. The Chinese labour market has 
experienced substantial changes in terms of job assignment and wage determination, 
along with the progress of the economic reforms over the past forty years. Over the 
same period the health of the population has improved as a consequence of changing 
health care system. Chapter 3 provides detailed description of the CHNS, and an 
overview of health and labour market outcomes in China.
The discussion of the theoretical and empirical issues regarding the main research 
themes, the corresponding reviews of literature and empirical models, together with 
results from the analyses are presented separately for each main research analyses. 
Chapter 4, 5 and 6 form the main part of the thesis. Chapter 4 examines the effect of 
self-reported health status and obesity (as measured by BMI) on the probability of 
being employed. In estimating the effect of having poor health status on employment, 
this thesis employs a recursive bivariate probit model, which takes into account the 
binary nature of both dependent and explanatory variables when controlling for the 
potential endogeneity of health. The instruments used in the above analyses involve 
information on whether individuals were bom in the period of the ‘Great Chinese 
Famine’, 1958-1961, the prevalence of SRHS in the area in which the respondent 
lives, and information on individual diet.
Chapter 5 estimates the impact of self-reported health status and obesity on hourly 
wages. Based on an index measure of self-reported health and a continuous measure
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of BMI, the investigation of the relationship between health and wages involves a 
Two Stage Least Squares (2SLS) and a Heckman (1979) selection correction method 
to separately account for the potential endogeneity of health and sample selection 
bias. Following Bound (1991) and Cai (2009), the number of years having high 
blood pressure and the number of days being sick or injured during the last month are 
used as instruments for the self-reported health status. Following Haveman et a l 
(1994) and Jackie and Himmler (2007), the share of working-age adults who are 
obese in the area in which the respondent lives, along with the daily average energy 
intake of other working-age adults in respondent’s household are used as instruments 
for BMI.
Chapter 6 examines the simultaneous effect of drinking and smoking status on 
employment and wages. To allow for the potential endogeneity of drinking and 
smoking simultaneously, this chapter adopts Newey (1978)’s two-step and 2SLS 
methods to estimate the effect on employment and wages, respectively. The 
instruments for drinking and smoking status, following Mullahy and Sindelar (1996), 
Macdonald and Shields (2001) and Barrett (2002), include the shares of the 
respondents’ working-age household members who have the same type of drinking 
frequency, and the average amount of consumption for alcohol and for cigarettes of 
household members. The final chapter (Chapter 7) summarizes the key findings, 
explores the policy implications, limitations and identifies issues for future in this 
area.
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Chapter 2 The Labour Market and the Health Care System in China
2.1 Background Information on the Chinese Economy
The Peoples’ Republic of China was proclaimed in 1949 and the CPC came to power 
in the same year. Under the leadership of the Chairman Mao the First Five Year Plan 
was launched in 1953. This plan followed the Soviet economic model through large 
and socialized collective units in agriculture, state ownership in the modem sector, 
centralized planning and concentration of resources in heavy industry (Worden et al., 
1987). With the great help and support of the Soviet Union, the First Five Year Plan 
was implemented successfully . However, this highly centralized, industry-biased 
plan was unable to be carried out continuously due to the increasing imbalance 
between agricultural and industrial growth, lack of flexibility in the decision-making 
process and dissatisfaction with inefficiency (Worden, et al., 1987). Therefore, the 
Second Five Year Plan, which was also known as ‘The Great Leap Forward’ was 
launched in 1958 to mobilize the Chinese huge labour resources into an agricultural- 
based industrialization drive (Gon9alves, 2006). Unfortunately, the Second Five Year 
Plan failed badly because of serious disproportions of the economic structure, 
deterioration of China-Soviet relations, widespread famine and natural calamities 
which is also known as the ‘The Great Chinese Famine’ (Liu, 2010). Thereafter, 
China stepped into a readjustment and recovery period to repair the failed system. 
According to Worden et al. (1987), during the readjustment and recovery period, the 
economic model followed a balanced growth of the ‘Agriculture First’ policy. In 
other words, apart from laying particular stress on agricultural development, the 
model not only contained elements of the first industrially oriented and highly 
centralized model but also followed the decentralization of ownership and decision 
making that characterized the Second Five Year Plan, which can be treated as a 
combination of the previous two models (Worden et al., 1987).
During the next period which was known as the Great Proletarian Cultural 
Revolution (also known as the Cultural Revolution) and lasted from 1966 until 1976, 
there was little change in the basic economic model or official economic policies
2 Between 1952 and 1957, industrial production increased substantially, averaging rises o f 19% a year, 
and the agricultural output increased at a rate of 4%  a year. In addition, the national income increased 
at an average annual rate of 9% (Worden et al., 1987).
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(Worden et al., 1987), and the economy ran smoothly . The Cultural Revolution can 
be thought of as a political upheaval reflecting a power struggle inside the CPC 
(Joffe, 1966; Lee, 1978). However, the Cultural Revolution inflicted great damage 
upon the society. Further, the education of the Chinese youth was largely hit by this 
political movement (Deng and Treiman, 1997). As documented in Deng and Treiman 
(1997), Zhang et al. (2007), and Li et al. (2010), almost all primary schools, 
junior/senior high schools and universities were closed entirely during the climax of 
the Cultural Revolution (1966-1968). No teaching was carried out and no new 
students were admitted. Some primary schools and junior high schools reopened 
after 1968 and senior high schools reopened after 19714, therefore students of normal 
graduation age for primary school were able to go on to high school and children 
aged 7-9 began primary school. As for students who would have completed 
junior/senior high school between 1966 and 1968, although they did not receive a 
formal junior/senior high school education, still they were given diplomas. 
Universities were reopened in 1972, and students were given university degrees 
without formal education and allocated jobs. At the time when schools were closing, 
lots of students whose schooling was stopped or delayed actively participated in all 
kinds of political activities (these students were called the ‘Red Guards’). As a result, 
there was a problem of having two extra cohorts of students at the same time after 
the high schools were reopened. At the end of 1968, Chairman Mao began ‘Down to 
the Countryside Movement’ in order to solve the problem. The main function of this 
rustication program was to ‘simultaneously discharge the Red Guard, reduce 
unemployment in urban areas, and increase agricultural productivity'' (Deng and 
Treiman, 1997, pp.7). The send-down movement was ended in 1978, and most of the 
urban youth moved back to cities after the end of the movement.
Following the Cultural Revolution, as stated in Qiu (2007), the realization of the 
potential for rapid expansion of an economy with low technical and allocative 
efficiency stimulated the economic reforms launched in 1978. With Mao Zedong’s 
death in 1976, Deng Xiaoping took power in 1978 and oversaw an unprecedented 
economic boom which continues today (Jakobson and Pursiainen, 2001). At the
3 This did not include the worst period o f the upheaval (1967-1968). See: 
http://www.edu.cn/2003Q821/3089681 .shtm 1 (Chinese version), [cited 30th Sept 2011].
4 Rather than receiving traditional education, students spent much o f their school time studying 
Marxism and Mao’s thought, and leaning peasant and worker techniques.
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Third Plenum of the National Party Congress’s Eleventh Central Committee in 
December 1978, the Chinese authorities resolved to make economic development a 
top priority and decided to undertake a program of gradual but fundamental reform 
of the economic system (Worden et al., 1987; Yueh, 2004). The economic reform 
was embodied in the ‘Open Door’ and the modernization of agriculture, industry, 
national defence, and science and technology (the so-called ‘Four Modernizations’). 
Subsequently the economic reform began step by step, starting with the countryside. 
Qiu (2007) states that the reforms within the rural areas provided new opportunities 
for farm families to take control of their labour allocation decisions through the 
dissolution communes across the country and the implementation of the household 
responsibility system. According to Worden et al. (1987), the economy quickly 
recovered from the stagnation of the Cultural Revolution between 1976 and 1978. 
Agricultural production reached a record harvest in 1978 and the industrial output 
increased by 13% in the same year. Strictly speaking, 1979-1981 can be treated as a 
stage of readjustment. On the strength of successes in this readjustment stage, the 
reform program was expanded, and the leadership under Deng Xiaoping stressed 
time and again that China's basic policy was ‘reform and opening’, that is, reform of 
the economic system and opening to foreign trade (Worden et al., 1987). Economic 
reforms within urban areas were intensely implemented since 1984 and the kernel of 
the reforms is the reforms of State-Owned Enterprises (SOEs) and wages. The 
market-oriented economic reform accelerated after 1992 especially in the coastal 
regions due to Deng’s ‘southern tour’ (Bishop et al., 2005; Park et al., 2006). During 
the period when China was shifting from a planned economy to a market economy, 
market mechanisms increasingly playing a leading role in the processes of resource 
allocation. Li and Dong (2008) state that the gradual penetration of market-oriented 
reforms, together with the growing proportion of the private sector in the whole 
economy, implied that more enterprises would be face increasingly fierce market 
competition environment. However, it is argued that the rapid spread of the 
restructure and privatization within the SOEs caused massive layoffs, early 
retirements and drop out of the labour market. In general, economic reform gave 
managers greater power to decide wages as well as other operational autonomy. 
Meanwhile the government’s intervention in the labour market become smaller, 
wages began to be determined by the market.
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2.2 The Chinese Labour Market during the Pre-reform Period
China has carried out progressive reforms since late 1970s. China’s labour market 
has also experienced a great change along with the progress of the reforms. Before 
the reforms, China implemented a centrally planned economy in which the central 
control power of labour allocation was in hands of the regional/local labour 
department assigned by the state authority. Qiu (2007) provides comprehensive 
descriptions of the Chinese labour market in the pre-reform period (during the late 
1950s and the late 1970s). She states that the Chinese labour market is not a labour 
market in the conventional sense or as assumed in human capital theory5. Brooks and 
Tao (2003) state that the labour market in this period was characterized by direct 
allocation of jobs and administrative control of wages. The employment policy under 
this traditional system is to ensure the normal reproduction of labour force with low- 
wage levels. According to Yueh (2004), governmental planning, rather than the 
market, exercised a monopoly over the supply of and demand for labour. Hence 
major employers such as SOEs, Collectively-Owned Enterprises (COEs) were not 
allowed to recruit freely (Qiu, 2007). Regardless of the level of human capital, from 
university graduates and secondary technical school graduates, up to the demobilized 
soldiers and unemployed youths, all of them were subordinated themselves to unified 
state control. In other words, as stated in Qiu (2007), a high level of human capital 
stock was not linked to high productivity, which is chiefly embodied in three aspects: 
(i) enterprises were not able to hire or fire employees; (ii) employees were not able to 
choose jobs which would suit their abilities or interest; (iii) there was no mechanism 
to encourage individuals to work efficiently. Worker mobility was very limited 
(Arcand and Labar, 2005; Bishop et al., 2005). The initial job assignment was of 
vital importance to employees as their first job was normally their only job in their 
whole life, the so-called ‘iron rice bowl’ (Yueh, 2004; Qiu, 2007). As defined by 
Ding and Warner (2001), the ‘iron rice bowl’ was characterized by a regime of 
unified job allocation, guaranteed life-long employment, and cradle-to-grave welfare. 
The authoritarian structure of job allocation was aimed at avoiding unemployment 
(Yueh, 2004). However, China’s population remains predominantly rural6. Therofore,
5 Human capital theory assumes that in a labour market with few imperfections individuals are able to 
decide how much education to obtain and to increase their marginal productivity and subsequently 
their future incomes.
6 According to China Statistical Yearbook 2003, over 80% were classified as rural.
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restriction on rural-urban labour migration was mainly achieved through the 
household registration system (the hukou system). Chan and Zhang (1999) state that 
the hukou system, which was formally set up in 1958, is a principal approach of 
social control adopted by the state and serves the function of migration control. 
Moreover, the hukou system effectively constrained the development of a national 
labour market (Brooks and Tao, 2003; Qiu, 2007). As described by Qiu (2007), 
people were required to register with their local authorities in order to obtain a 
permanent residency permit, and a place of work. According to, Brooks and Tao 
(2003), only people with an urban hukou were able to stay in cities and obtain 
preferential access to city services such as health, education and social security.
Prior to 1978, wage levels remained essentially unchanged and were determined by a
n
major concern for equity. In other words, the Chinese labour-management system 
was characterized by both guaranteed lifetime employment and centrally 
administered (fixed) wages (Kidd and Meng, 2001). Based on the Soviet model, a 
national unified wage-system which focuses on Chinese industries was established in 
1950s (Ding and Warner, 2001; Qiu, 2007). The setting of the wage grade was based 
on individuals’ personal endowments, especially the level of education and work 
experience (Kidd and Meng, 2001). Ding and Warner (2001) conclude that there 
were three primary features of this wage system: first, in order to increase capital 
accumulation for investment in heavy industries (such as energy and steel) China had 
maintained a Tow-wage policy’ for a long time; second, the centrally fixed wage 
scales was a considerable ‘flat’ structure of reward in which wage differentials were 
purposely kept low; third, under this wage system, enterprises (or the employers) 
were deprived of autonomy to determine or adjust the salary classification, 
promotion method or the wage levels of their employees in the light of business 
needs. Although employees received low (but homogeneous) salaries, they still 
received much in-kind benefits such as medical care and subsidized housing (Arcand 
and Labar, 2005; Chen et al., 2005). Zhang (2009) states that in the absence of the 
rights of the independent operation and management responsibility system, 
enterprises had no incentive to improve productivity. Moreover, the centrally
7 Ding and Warner (2001) further describes three characteristics o f the China’s labour-management 
system in the pre-reform period, that is, life-time employment -  ‘iron rice bowl’, centrally 
administered wages -  ‘iron wage’, and the state-controlled appointment and promotion of managerial 
staff -  ‘iron chair’.
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determined employment quota combined with the wage system indicated that 
enterprises faced an annual quota for their total wage bill (Kidd and Meng, 2001). 
Kidd and Meng (2001) highlight two major weaknesses of the Chinese labour market 
in the pre-reform era: (i) the lifetime secured employment system lead to over- 
staffing, idleness and low productivity; and (ii) the fixed wage system placed too 
much emphasis on individuals’ personal endowments (qualification and work 
experience), thus differences in actual productivity of workers were not reflected in 
wages.
2.3 The Chinese Labour Market during the Reform Period
As discussed in Section 2.2, the link between labour productivity and human capital 
in the pre-reform Chinese labour market was broken since the labour arrangements 
were made without much reference to the needs of enterprises or the characteristics 
of workers (Yueh, 2004; Qiu, 2007). Therefore, understanding the inefficiency of 
low productivity associated with the pre-reform labour allocation had a significant 
stimulatory effect on the labour reforms (Qiu, 2007).
China’s economic reform, which launched in 1978 and accelerated at the beginning 
of the 1990s, has led to substantial changes of the Chinese labour market. It implied a 
transition from a centrally planned to a more flexible and increasingly market- 
oriented labour market. Changes in both systems of job assignment and of wage 
determination were the most noticeable and were worth mentioning.
2.3.1 Labour Allocation and the Employment Reforms
From the end of 1970s to the early 1980s, a large increase in the working-age
o
population led to a relatively faster labour force growth in comparison to the 
population growth. According to statistics, the whole population and the working-age 
population increased 16% and 28%, from 1980 to 1990, respectively9. In addition, a 
large number of young people in the urban area became ‘youth waiting for job
8 According to Hardee-Cleaveland and Banister (1988), SEPI (2001), and Bergaglio (2008), 1960s- 
early 1970s is a ‘baby boom generation’ period.
9 From 1990 to 2000, the whole population and the working-age population increased 11% and 16%, 
respectively.
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assignments’ due to historical reasons10 (Ding and Warner, 2001). Therefore, in 
order to relieve the urban unemployment pressure, many enterprises and local labour 
departments were encouraged to provide training and job placement services for the 
jobless youth. In the rural area, communes were gradually replaced by the household 
responsibility system indicating that rural households were allowed to independently 
determine their own business. During the same period, the non-state sector, such as 
individual enterprises, domestic private enterprises, collective enterprises, domestic 
joint ventures and foreign-invested enterprises, emerged and grew (Chen et al, 2005). 
Hence a high level of employment could be maintained under the central policy 
where surplus labour force was placed in both COEs and rural collectives (SEPI, 
2002).
To replace the traditional life-guaranteed employment system, a labour contract 
system11 was experimentally introduced in mid-1980s, and was formally established
1 9in 1994 (Ding and Warner, 2001). The presence of the labour contract system broke 
the ‘iron rice bowl’. On the one hand, enterprises had more autonomy in terms of 
labour arrangement and recruitment method (Kidd and Meng, 2001); on the other 
hand, employees were provided opportunities to choose their jobs by removing 
restrictions on job mobility (Brooks and Tao, 2003). During the 1990s, there was a 
rapid growth in private, foreign-funded and other source-funded enterprises (Du, 
2009).
The reforms were carried out mainly in urban China, particularly in SOEs and COEs, 
since 1984 (Qiu, 2007). The centrally maintained high level of employment vanished 
with the move toward a flexible labour market. Facing greater competition across 
sectors, employment in both SOEs and COEs decreased considerably during the mid 
1990s and the early 2000s as enterprises laid off their workers in order to increase 
efficiency and productivity (Brooks and Tao, 2003; and Yueh, 2004). Such laid-off 
workers (also called ‘xiagang’ workers) were still officially employed by their 
enterprises without any working activities (SEPI, 2002). Instead of receiving regular
10 As mentioned in Chapter 2, during the Cultural Revolution period, millions o f urban youth were 
sent to the countryside to ‘learn from the farmers’, which is also called ‘Down to the Countryside 
Movement’. After this movement, most of them returned to cities.
11 As stated in Ding and Warner (2001), all urban workers were required to place on this new system 
regardless o f the ownership type o f their employers.
12 Until the early 2000s, most urban employees were placed on this contract system.
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earnings, they only received low income benefits . In addition, they could join the 
Reemployment Centres (REC), and obtain skill retraining and job seeking assistance. 
However, these laid-off workers had to be transferred to the registered unemployed 
or leave the labour market if  they failed to be reemployed by their old work unit or to 
find another job after more than three years (Brooks and Tao, 2003). Brooks and Tao 
(2003) also find that most of the laid-off workers possess two characteristics -  a lack 
of skills and a low educational level. Table 2.1 shows that the total number of laid- 
off workers peaked in 2000 and reduced sharply after 2002. The number of laid-off 
workers declines over time because they have been reemployed by their original 
work unit, or have been transferred to either registered or unregistered unemployed, 
or have dropped out of the work force. Northeastern provinces have the highest 
absolute number of laid-off workers among the nine provinces within China and the 
Southwest has the lowest.
2.3.2 The Wage Reforms
Since 1978, wage reform has been undertaken in three main stages which focused on 
urban area to devise a more market-oriented wage system. In other words, the aim of 
these reforms is to promote efficiency and reward productivity.
The First Stage (Late 1970s - Early 1980s)
In the first step, the enterprise’s centrally administered total wage quota was replaced 
by a more flexible total wage bill which gave a wider autonomy associated with the 
distribution of profits (Kidd and Meng, 2001). The new system allowed enterprises 
to use a share of their retained profits to provide employees with bonuses which were 
aimed at improving overall labour productivity (Bishop et al., 2005; Chen et al., 
2005). However, Arcand and Labar (2005) argue that the structure of this bonus- 
scheme was still heavily equity-based.
The Second Stage (Early 1980s - Mid 1990s)
The reforms of the second period mainly focus on wages, that is, to link wages, 
rather than only bonuses, to the actual productivity and profitability of the enterprises 
(Ding and Warner, 2001; Yueh, 2004; Bishop et al., 2005). During the mid-1980s,
13 As argued by Yueh (2004), a number o f laid-off workers normally cannot receive any benefits.
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the nationally-unified system was converted into a wide range of wage systems (e.g. 
structural wages system and floating wage system) in which the wages of the 
workers were determined by various indicators such as education, experience, skill 
and physical effort (Ding and Warner, 2001; Kidd and Meng, 2001). According to 
Yueh (2004), enterprises were authorized to set their own wage structures based on 
their wage budgets since the beginning of the 1990s. In 1993, the state implemented 
a minimum wage system through the Labour Law. The minimum wage system 
requires that for employees who offer normal works within the legal working hours, 
the minimum payments must not be lower than the standard for the local minimum 
payment. The Labour Law stipulated that “The determination and readjustment of 
the standards on minimum wages shall be made with reference to the following 
factors in a comprehensive manner: (1) the lowest living expenses o f laborers 
themselves and the average family members they support; (2) the average wage level 
of the society as a whole; (3) labor productivity; (4) the situation of employment; and 
(5) the different levels of economic development between regions.” (The Labour Law 
of the People’s Republic of China, Chapter V, Article 49. Available: 
http://www.worldlawdirect.com/article/3213/labour-law-peoples-republic-china.html. 
Cited 12th Sep 2011).
The Third Stage (Mid 1990s - Early 2000s)
Since the recent wage reform period, state enterprises were given complete 
autonomy to set their own wage system (Ding and Warner, 2001). The monthly 
wages formerly consisted of six parts, including the basic wage, bonuses, benefits 
and subsidies, overtime wages, supplementary wages and an ‘unknown’ component, 
mainly based on hardship (Yueh, 2004). Instead of the previous wage categories, 
there have been two components of wages in enterprises: fixed wages (i.e. basic 
wage, seniority wage, insurance and a housing fund) and bonuses. Furthermore, the 
enterprises set their wage standards in accordance with job responsibilities, labour 
skills and labour intensity (Ding and Warner, 2001).
2.4 Background Information of the Chinese Health Care System
Over the years, the Chinese health care system has made considerable progress in 
improving the health outcomes of the Chinese population such as reducing mortality 
and increasing life expectancy (Chow, 2006); despite this, the rate of improvement
has slowed in recent years (Hew, 2006). Figure 2.1 and Table 2.2 illustrate the 
expenditure on health for China and other five selected countries from different 
dimensions. Figure 2.1 (a) and (b) depicts the trend of total expenditure on health as 
a percentage of GDP and the trend of general government expenditure on health as a 
percentage of total government expenditure from 1995 to 2009, respectively. Both 
figures show that the health expenditure in China is comparably low among the six 
countries, which is consistent with Hew (2006). Table 2.2 summarises the 
distribution of health expenditure between government and private expenditure on 
health as a percentage of total expenditure on health. It shows that Japan and the UK 
have the largest share of government expenditure which both account for 81% on 
average over the fifteen years, whereas India has the smallest share (less than 35%). 
The distribution of health expenditure between government and private expenditure 
on health for Brazil and the US are relatively balanced. Interestingly, the government 
share on health expenditure in China decreases for the first seven years and then 
increases for the rest of the fifteen years (reaches rock-bottom in 2001), and a similar 
trend can be found in Figure 2.1 (b). These trends will be explained later in more 
detail. There are two different health care systems in China -  one is to serve the 
urban residents, the other is to serve the rural residents (Wong et al., 2007).
2.4.1 The Urban Health Care System
Prior to the mid 1990s, there were two primary elements of public health care system 
that offered the basic healthcare services in urban China -  the Government Insurance 
Program (GIP) and the Labour Insurance Program (LIP). The GIP covered 
government employees and their families through which medical costs were financed 
partially or fully by government budget. The LIP covered employees in the SOEs 
and certain COEs, through which medical expenses were paid partially or fully by 
their enterprises (Liu and Zhao, 2006). Liu and Zhao (2006) state that under this 
health care system the health of the urban Chinese population improved considerably. 
However, the system has three major drawbacks: (i) cost inefficiency due to ‘the 
moral hazard problem inherent in the old system’ (Wong et al., 2007); (ii) poor 
capacity of risk pooling across the work units (Liu, 2002; and Liu and Zhao, 2006); 
(iii) inadequate insurance coverage (Liu, 2002; Liu and Zhao, 2006; and Du, 2009).
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Realization of the health care system deficiencies motivated China to reform its 
health insurance system.
In 1998, a new Employee Basic Medical Insurance (EBMI) consisting of individual 
medical saving account combined with socially risk pooled fund was established to 
replace the previous insurance system (Wong et al., 2007). The new insurance 
system has two virtues: (i) it expanded insurance coverage to urban employees (Liu, 
2002; and Chow, 2006); (ii) individuals began to share the healthcare responsibility 
with enterprises through a co-payment mechanism which was used to help in solving 
‘the moral hazard problem inherent in the old system’ (Wong et a l , 2007).
Following the establishment of the EBMI, another health care program, Urban 
Resident Basic Medical Insurance (URBMI), was also implemented in 2007. This 
program has made great contributions to the Chinese health system in terms of 
covering the urban unemployed population and reducing financial barriers to care for 
population with poor health and socioeconomic status (Lin et al., 2009).
2.4.2 The Rural Health Care System
Since the 1950s, a traditional Cooperative Medical Scheme (CMS) which was 
financed by the communes’ welfare funds was adopted in rural China. Before 
economic reform the CMS was able to provide sufficient funds to the health care of 
the rural population (Chow, 2006). Since the collapse of the communes in the early 
1980s, most counties suddenly lost their welfare funds to finance the CMS (Lei and 
Lin, 2009). Therefore, the major portion of the rural population became uninsured 
between 1985 and 2003, and was forced to pay all medical costs themselves, which 
in turn lead to rise in rural poverty (Liu, 2004).
To solve the low coverage of the health insurance and to improve the health care of 
the rural population, a New Cooperative Medical Scheme (NCMS) was introduced in 
2003 (Lei and Lin, 2009). Using the CHNS, both Lei and Lin (2009) and Lv (2009) 
find that the implementation of the new health care system greatly expanded the 
coverage of the scheme. However, Lei and Lin (2009) argue that the new scheme did 
not improve health14 of the rural population. As mentioned earlier, both in Figure 2.1
14 In Lei and Lin (2009), health is measured by both self-reported health and incidence o f sickness 
injury.
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(b) and in Table 2.2 there are a downward trend for the first seven years and an 
upward trend for the following years. The establishment of the NCMS possibly 
explains these trends regarding the government expenditure on health in China.
In summary, UEBMI, URBMI, and NCMS jointly provide comprehensive healthcare 
benefits for the whole population in China. Meanwhile, private insurance has played 
an increasing role in field of the Chinese health care system due to both the 
increasing number of private insurance purchase rate and the increasing number of 
the private insurance types (Liu, 2002; and Du, 2009).
2.5 Health Outcomes in China
Over the last twenty years, China has made progress in improving the health 
outcomes among the population in terms of life expectancy and mortality trends. 
Figure 2.2 shows the trends of life expectancy at birth (in years) for China and the 
same five countries as used in Figure 2.1. It can be seen that the life expectancy for 
the Chinese population increased from 68 in 1980-1985 to 72 in 2005-2010. As a 
whole, life expectancies for the developed countries are longer than that for the 
developing countries. China had the longest life expectancy among the three 
developing countries. However, the growth rate of life expectancy for China was the 
slowest.
The trends of infant mortality rate (infant deaths per 1,000 live births) and the trends 
of under-five mortality rate (deaths under age five per 1,000 live births) are presented 
in Figure 2.3 (a) and Figure 2.3 (b), respectively. As shown in Figure 2.3 (a), infant 
mortality rate in China decreased by 42% (decreased from 38 per 1,000 people in 
1980-1985 to 22 per 1,000 people in 2005-2010) and mortality rate under age five 
declined by over half (declined from 57 per 1,000 people in 1980-1985 to 26 per
1,000 people in 2005-2010). Overall, China had both the lowest infant mortality rate 
and the lowest under-five mortality rate among the three developing countries during 
the two decades. However, the decrease in infant mortality rate in China was far 
behind that of other two developing countries. Although the infant mortality rate and 
under-five mortality rate fell considerably in China, its absolute rate is still higher 
than that in the developed countries (the rate is less than 10 per 1,000 people for 
Japan, UK and US over the twenty years).
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Figure 2.4 illustrates the changes in distribution on three causes of death across these 
six countries, that is, death due to communicable diseases (for example, infectious 
diseases, parasitic diseases and respiratory infections), non-communicable diseases 
(for example, diabetes mellitus, neoplasms, cardiovascular diseases, cerebrovascular 
disease, chronic obstructive pulmonary disease and heart disease) and injuries. As 
shown in this figure, the share of deaths due to non-communicable diseases and 
injuries in developed countries were greater than that in developing countries. In the 
three developed countries, deaths due to non-communicable diseases and injuries all 
accounted for more than 90% for both selected years. Among the three developing 
countries, China had the largest share of deaths due to non-communicable diseases 
and injuries (accounted for 67% in 2002 and 85% in 2008, respectively). 
Furthermore, non-communicable diseases such as cerebrovascular disease, chronic 
obstructive pulmonary disease and heart disease, are found to be the main causes of 
deaths in China (CMH, 2005).
2.6 One-Child Policy in China
China applied its unique one-child policy in 1979, which aimed at limiting the large 
population growth and promoting economic growth since the 1950s for both rural 
and urban areas. This policy is still in effect today. Under this policy, each couple 
was only allowed to have one child. In addition, couples who obeyed the policy were 
rewarded (such as receiving cash bonuses and preferential housing allocations), and 
those who violated the policy were penalized (such as paying large fines which vary 
in cities and counties). However, in most rural areas, families were allowed to have a 
second child if the first child was a girl (Qian, 1997; Li et al., 2005; and Hu, 2009). 
Since rural families with low savings and without pensions need children to support 
them in old age, plus a fact that male labour is essential, the gender of the first child 
is more import to them, compared to the urban couples who normally received 
pensions after retirement (Worden et al., 1987; Kane and Choi, 1999; and 
Rosenzweig and Zhang, 2009). In other words, the implementation of the one-child 
policy was more successful in urban than in rural areas. According to Li et al. (2005) 
and Li and Zhang (2007), the policy was initially introduced to the Han (the ethnic 
majority group) Chinese. Only two ethnic minority groups were subject to the one-
20
child policy at the end of the 1980s: Zhuang and Manchu15, which are first and 
second largest ethnic groups in China.
In terms of the population-related advantages, after the introduction of the policy the 
population growth slowed and the fertility rate reduced. For example, the birth rate in 
China decreased from 18.25 births per 1,000 in 1978 to 12.17 births per 1,000 in 
2010, and the total fertility rate decreases from 2.91 births per women to 1.54 births 
per women16. The vice minister of the State Family Planning Commission, Zhao, 
said that the one-child policy has prevented 300 million births which further makes 
great effort on improving people’s living standards and ensuring economic
1 7stability. Moreover, this policy helped provide a better health care such as 
increasing access to vaccinations and improving disease treatment (Thompson, 2010). 
However, the one-child policy is not without problems. The potential impact of the 
fast shrink of the young population associated with the one-child policy on the 
China's ageing population has been argued by Worden et al. (1987). A journalist 
writing for the Times claimed that “China may be forced to reconsider its one-child 
policy after census data revealed that rural-to-urban migration and rising life 
expectancies have led to a rapidly aging population.'1'’ (The Times, April 29, 2011. 
Available: http://www.thetimes.co.uk/tto/public/profile/Leo-Lewis. Cited 5th Oct 
2011). Economists predict that, by 2050, the number of elderly people in China will 
be over 300 million. The rapid reduction of the young labour force along with the 
increasing elderly population implies that in the future the burden of caring for 
elderly will increase. Moreover, Branigan (2011) states that one-child policy in 
conjunction with son preference has created gender imbalance problem.
2.7 Conclusion
To sum up, Chinese economy has carried out progressive reforms over the past forty 
years and the Chinese labour market has also experienced substantial changes along 
with the progress of the reforms. It implied a transition from a centrally planned to a 
more flexible and increasingly market-oriented labour market. Changes in both 
systems of job assignment and of wage determination were the most noticeable. In
15 Most o f Zhuang lived in Guangxi; Manchu can be found in Beijing, Inner Mongolia, Heilongjiang 
Hebei, Jilin and Liaoning.
16 Statistical data is obtained from the CIA World Fact Book and the Trading Economics.
17 http://www.china.org.cn/english/2002/Qct/46138.htm. [cited 1st Jan 2012].
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other words, the reforms gave enterprises greater power to decide wages as well as 
other operational autonomy, although the rapid spread of the restructure and 
privatization within the SOEs caused some negative effects such as massive layoffs, 
early retirements and caused individuals to drop out of the labour market. Over the 
same period there were three main health insurance systems (which are UEBMI, 
URBMI, and NCMS) as well as the growing private insurance system to jointly 
provide comprehensive healthcare benefits for the Chinese population, which lead to 
considerable progress in improving the health outcomes. The mortality rate 
decreased and life expectancy increased, although the speed of these improvements 
were slow relative to other developing countries, and the actual measures of the 
health outcomes are still far behind that of the developed countries.
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Chapter 3 The China Health and Nutrition Survey
3.1 Introduction
The data used in this thesis comes from a progressive International Cooperation
1 RProject carried out jointly by The University of North Carolina and the Chinese 
Centre for Disease Control and Prevention19 and is called the China Health and 
Nutrition Survey (CHNS). Popkin et al (2009) argue that China was selected for the 
project due to the opening up of its social and economic system. This project aims to 
investigate the labour market impact of health and nutrition status of the Chinese 
residents. The data include detailed information regarding demographic 
characteristics of residents, economic and social activities, and health-related factors. 
Thus, it has become an important data source on the study of the micro-behaviour of 
individuals in China.
The survey began in 1989. So far eight waves of data have been collected (1989, 
1991, 1993, 1997, 2000, 2004, 2006 and 2009). In addition, the ninth rounds of the 
CHNS are proposed to be collected 2011. CHNS data has several advantages 
including a stratified random sampling, a large sample, and availability of panel data 
sets. The stratified random sampling increases precision and provides better coverage 
of the population and will be discussed later in this section. In addition, the survey 
adopts almost the same index system and consistent definition of variables across 
time.
90The survey covered nine provinces which represent various geographic and 
economic characteristics, public resources, health facilities and levels of health in 
China. These provinces include: Heilongjiang, Liaoning, Jiangsu, Shandong, Henan, 
Hubei, Hunan, Guangxi and Guizhou. Figure 3.1 shows the map of the surveyed 
(dark green areas) regions. These nine provinces are distributed from the north to 
south of the counrty. However, Qiu (2007a) argues that the survey is not 
geographically representative since it fails to cover the north western provinces of 
China.
18 Carolina Population Center, the University o f North Carolina, Chapel Hill, NC, USA.
19 National Institute o f Nutrition and Food Safety, Chinese Center for Disease Control and Prevention, 
Beijing, China.
20 In 1997 (the fourth wave), Heilongjiang province replaced Liaoning province. In 2000 (the fifth 
wave), Liaoning province returned to the survey.
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As mentioned above the CHNS is an example of a multistage, random cluster
21sample . Cities and counties in the nine provinces were divided by income level into 
low, middle, and high. In each province both urban and rural neighbourhoods are 
surveyed. In addition to that, two cities and four counties are randomly selected by 
employing a weighted sampling technique. Urban neighbourhoods and suburban 
villages (neighbourhoods) within the cities, and county towns and rural villages 
within counties are randomly selected (Popkin et aL, 2009). In principle, twenty 
households were picked randomly in each sampling unit (community) and all 
household members including children, adults and elders were surveyed. There were 
216 sampling units from nine provinces involved , including 36 urban 
neighbourhoods, 36 suburban villages, 36 county towns and 108 rural villages. 
Currently around 4,400 households, which contain nearly 19,000 individuals, are 
investigated. The major areas which are covered by the survey are listed in Table 3.1, 
and the key features of the population surveyed in each year are summarized in Table 
3.2.
As can be seen from Table 3.1, seven waves of cross-sectional data (1989-2006) are
21currently available. For each wave of data there is a corresponding survey 
questionnaire of which most sections are arranged in tabular format.24 Basically all
25questionnaires can be divided into three major sub-surveys: Household and
26Individual Survey, Nutrition and Physical Exam Survey, and Community Survey.
Details about demographic, financial status, labour force participation and health 
care facilities can be obtained from the Household and Individual Survey in all 
survey years, the only exception to this is the ever-married women survey which 
began at 1991. The first section of the Household and Individual Survey gathers the 
demographic information for all household members, including age/Date of Birth
21 http://www.cpc.unc.edu/proiects/china/design/survev.html [cited 6th May 2010].
22 For the first four rounds o f the CHNS (i.e. 1989-1997), 190 sampling units were involved: 32 urban 
neighbourhoods, 30 suburban villages, 32 county towns and 96 rural villages. Since 2000, the primary 
sampling units have grown to 216.
23 For 2009, the cross-sectional dataset is not currently available but the panel dataset is.
24 ‘The questionnaire also functions as a codebook. The variable names in the data sets are usually 
listed to the right o f or below their corresponding questions in the questionnaire.’ See: 
http://www.cpc.unc.edu/proiects/china/data/questionnaires.html [cited 6th May 2010].
25 All the questionnaires which were originally written in Chinese version have been translated into 
English.
26 Since 2004, Household and Individual Survey, and Nutrition and Physical Exam Survey started to 
use adult (aged 16 and above) and child (aged less than 16) questionnaires separately.
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(DOB), gender, marital status, highest educational attainment and region of residence. 
The work activity section of the Household and Individual Survey collects adult 
(aged 16 and older) information about current employment status, and details 
regarding primary and secondary occupations, such as the type of the occupation, 
employment position, and size of the work unit. In the income section, income either 
from market activity (such as average monthly wages, annual bonuses, monthly 
subsidies, annual cash in-kind, annual pensions and retirement wages) or from non- 
market activities (such as annual income from household farming, raising poultry, 
fishing and home gardening) can be obtained. Moreover, the income section also 
includes information about working time, such as the number of months worked 
during the last year, the number of weekly working hours, the number of weekly
27working days and daily working hours. The rest of the Household and Individual 
Survey collect information on the following, time allocation on home chores and care 
of children (aged 6 and below) for respondents aged 6 above, information about 
drinking water, environmental sanitation and household assets (including household 
equipment and other goods); accessibility and use of health care and medical services 
(for respondents aged 12 and above) and planned immunizations (for children aged 
12 and below); marriage, pregnancy and birth history for ever-married women aged 
52 below.
Details on household food consumption for three consecutive days are available in 
the nutrition section of the Nutrition and Physical Exam Survey, and dietary intakes 
for all household members for same three days were also surveyed. These nutrition 
data, as well as the physical examinations data, which include clinical measures of 
blood pressure (in millimetres of mercury), weight (in kilograms), height (in 
centimetres), head (head circumference was only surveyed for children in 1989) and 
upper arm circumference (both head and upper arm circumference are measured in 
centimetres), pulse (rate/minute), triceps skin fold (in millimetres), condition of eyes, 
arms and legs, are collected by a group of trained interviewers . Furthermore, the
27 In the income section, ‘annual bonuses’ refers to total value o f bonuses received from the previous 
year o f corresponding survey year, ‘monthly subsidies’ refers to the amount o f subsidies received in 
the last month, etc.
28 All field workers were professionally trained nutritionists. Some of the field workers have 
participated in other national surveys. Almost all interviews were graduates o f post-secondary schools, 
and many of them were graduates o f universities. Moreover, CHNS survey also provides 3 days of  
specific training in the collection o f dietary data. Available: 
http://www.cpc.unc.edu/proiects/china/design/datacoll.html [cited 3th May 2010].
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survey asks details on current health status, smoking and alcohol drinking history, 
tea/coffee drinking history, injury and disease history for all household members. 
Current health status includes self-reported health status (SRHS), and physical 
activities (for children and adults separately). Details of SRHS, smoking and alcohol 
drinking history are discussed later in this section. The section of physical activities 
collects information on the type of and the time spent on participated physical 
activities and exercises. Since 1993, it also asks information about and life 
disruptions due to physical limitations or poor health for adults older than 50. The 
Community Survey contains details on: infrastructure such as transport, water and 
electricity; services such as health facilities and family planning; price of foods and 
living materials.
Table 3.2 shows the number of households and individuals included in the survey 
between 1989 and 2006. New members include the following:
i. Newly-formed households members -  members who belonged to any of the
households surveyed in last round, left the household after the last interview, 
then formed a new household or joined another household (still in the same 
neighbourhood/village)
ii. Members in replacement households (began on survey 1997) -  there are two 
types of replacement households, added and substitute. If there are fewer than 
twenty households in a survey site, then a certain number of households are 
added to make up twenty. These households are called ‘added households’. 
Another case is, if a few households cannot be contacted, then the same 
numbers of households at the same site are selected to replace those which 
have lost contact. Those households are called ‘substitute households’.
iii. Members in new households and new sites. This is the case of 1997 when 
Liaoning was replaced by Heilongjiang (new province).
Old members include:
i. Members in previous households surveyed in previous years,
ii. New household members in old households- current family member who did
not belong to the household in last wave. The most likely reason is being 
newborn, marriage and so on.
35
Clearly, it can be seen from Table 3.2 that the proportion of the new members 
increases sharply in 1997, accounting for 26.1% in this year. The main cause for this 
rise is because, in 1997, Liaoning Provinces was hit by floods; therefore it was 
replaced by Heilongjiang. In 2000 Liaoning rejoined the survey, hence the proportion 
of the new members falls back to 10.9%. It is not possible to follow up every 
individual in the survey due, for example, to death or inability to contact. The 
number of deaths is presented in Table 3.3. It grew steadily and more than doubled to 
337 in 2006. A number of individuals were lost due to travel, relocation or 
immigration, or people who refuse to participate or were unable to answer certain 
questions. Table 3.2 also shows the sample of individuals in different age groups. 
Overall people who are of working age account for more than 60% of the individuals 
in each wave. The proportion of people under age 16 decreases over time from 26% 
in 1989 to 15.2% in 2006 and the proportion over the retirement age increases from 
9.6% in 1989 to 13.4% in 2006.
As previously mentioned, the CHNS is a panel survey in that the same individuals 
are interviewed over time. In addition to cross-sectional versions of the annual data 
the data are also available in longitudinal versions which are drawn from the original 
cross-sectional datasets. So far 41 longitudinal datasets have been created which are 
listed in Table 3.4. Basically, all of these master longitudinal files are able to cover 
seven waves of the CHNS data except for the Infant Feeding File, Children Energy 
Expenses File and all Ever-Married Women Files. Jones (2007) states that panel data 
is an extension of the cross-sectional datasets which allows a further investigation of 
changes in individual behaviours over time. Thus, for instance, analysis of how the 
individuals’ health conditions change over time can be performed by using the 
Master Physical Exam (PE) File which was created from the seven years of the 
Cross-Sectional Physical Exam Files. In addition, demographic information can be 
gathered from Roster File and PE File jointly. Information about individual 
occupation and income can be collected within Income Files.
3.2 Data and Variables
This thesis uses eight original longitudinal datasets, which are listed in Table 3.4, to 
create the merged CHNS longitudinal dataset. These original longitudinal datasets 
are Master Roster File, Individual Daily Nutrient Intakes Master File, Master
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Physical Exam (PE) File, Individual Education Master File, Individual Occupation 
Master File, Individual Wage and Bonus Master File, Individual Income Master File 
and Individual Medical Services File. Table 3.5 provides descriptive statistics for 
demographics, current health status, anthropometric measurement information, 
nutrition and health-related behaviour (alcohol and tobacco consumption), namely 
the means, standard deviations, minimum and maximum values pooled across all 
waves, using the merged CHNS longitudinal dataset. Since the purpose of this 
research is examine the impact of health on employment, wages, and hours worked 
between men and women in China, this study based on adult samples, that is,
90individuals of working-age (16-59 for male, 16-49 for female) who are non full­
time students because students might not have established work patterns (Haveman 
et al., 1994), and screens out the observations who have missing values for general 
demographics . This study also excludes observations that have implausible or 
inconsistent information, thereby increasing the estimate precision (Tuan et al., 
2008). For instance, only individuals with plausible anthropometric information are 
kept for further analysis, that is, a waist circumference of 45-150 cm and a BMI of 
15-40 kg/m (Tuan et al., 2008). Less than 0.6% of sample is excluded. According 
to Meng et al. (2009), daily calorie intake below 800 and over 10,000 should be 
treated to outliers, and these are also excluded (less than 0.3% of sample). 
Additionally this study drops outliers with nominal hourly wage income above 50 
Chinese yuan which then exclude less than 0.1% of the working sample. If 
individuals respond that they are presently not working but have positive response on 
wage, working hours, occupation, employment position, type of work unit, or the 
size of the work unit, then these individuals (approximately 2.3% of sample), which 
are treated as inconsistent information, are also excluded from the sample.
3.2.1 Dependent Variables
29 According to the 15th regulation in China Labour Law, the state prohibits hiring people under 16. In 
addition, basis “Provisional Measures on the workers retire or resign by state council”, the legal 
retirement age for male is 60 and for female is 50 (for female who working at state organizations and 
institutions is 55). Figure 3.2 shows that the employment rate for males drops quickly after 59, and the 
employment rate for females drops quickly after 49.
30 In this study, general demographic information is considered as information on gender, age, marital 
status, area of residence, region o f residence, educational attainment and current working status 
(presently working or not working).
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The dependent variables in the thesis include being in employment and logarithm of
11
hourly income from wages . The CHNS asks respondents ‘Are you presently 
working? ’. Accordingly, the employment variable is a dummy variable (employed) 
taking the value one if the individual is presently working and zero if the individual 
is unemployed or not in the labour force.34. As there is no direct measure of hourly 
wage income, this study defines the hourly income as the ratio between the total 
annual wage income and total annual working hours. The total annual wage income 
is the sum of wage and bonuses received during the last year, that is, average 
monthly wage times the number of months worked, plus annual bonuses . The 
annual working hours are calculated by multiply 4.3 weeks per month by weekly 
working hours, then times months worked. The weekly working hours can be 
obtained from the CHNS either directly (direct measure of hours worked in the last 
week) or indirectly (multiply average number of days worked in a week by average
1 f\numbers of hours worked in a day). The average weekly working hours is defined 
as the ratio between the total annual working hours and total number of weeks per 
year. As presented in Table 3.5, a large proportion (86%) of people in this sample 
report that they are presently working. The mean nominal hourly wage income and 
mean real hourly wage income for the Chinese adults (pooled all eight waves) are 
approximately 3.08 yuan and 3.73 yuan, respectively.37
Figures 3.3 and 3.4 present the distribution of the employment rate and real wage 
income by gender and wave, respectively. Figure 3.3 shows that the employment rate 
of Chinese adults decreases from 97% in 1989 to 76% in 2009, especially between 
1997 and 2004 (that is, decreases from 88% to 74%), although it increases slightly
31 Although the CHNS survey both primary and secondary occupations o f the respondents, this study 
only focuses on wage income from respondent’s primary occupation. 11% of the total working sample 
(total working sample, N=50,897) have secondary job, in addition, about 2% of the total working 
sample response their earnings from the secondary job.
32 Presently indicates a short period o f time before and after the interview.
33 Employment, which is based on the International Labour Organization (ILO) definition o f  
employment, includes workers who are self-employed.
34 The definition o f non-employed is similar to that in Jones (2011), for details, see footnote 5 in Jones 
(2011), p. 1004.
35 In CHNS 1991, 1993 and 1997, information on annual bonuses was asked in the welfare subsidies 
section. After CHNS 1997, it was asked in the section o f income from wages. According to the CHNS 
questionnaires, bonus refers to regular monthly bonus, holiday bonus, dividend bonus, bonus for 
increase in production, and any other bonuses from the work unit in the last year.
36 In this study, less than 0.4% of the total working sample work less than twelve months.
37 The official currency of China is Renminbi (RMB). Yuan is the Chinese currency unit. 1 yuan 
equals to 0.1 pound approximately.
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after 2004. In Figure 3.4, there is a continued growth trend in average real wages 
from 1998 to 2009 except for 1991. The average real wages of the whole sample 
increase from 1.8 Chinese yuan in 1989 to 2.2 Chinese yuan in 1993, then increased 
to 3.5 Chinese yuan in 1997 and to 9.3 Chinese yuan in 2009. Note that the average 
weekly working hours for the first three waves (which are around 47-49 hours) are 
higher than those for the subsequent waves (which are around 40-45 hours) . The 
Double Cease Day has just been performed since 1995. Therefore, the number of 
days off for Chinese workers is one per week (i.e. 48 weekly standard working hours) 
for the first three waves, and increased to two days for the subsequent waves (i.e. 40 
weekly standard working hours). As can be seen from Figures 3.3 and 3.4, the 
employment rate and real hourly wages for both genders follow the same trend as 
those for the total sample, and together are higher for men than for women.
It is important to note that 50,823 individuals are presently working, however, only 
41% of them respond to questions on their income from wages (and 64% of them 
give information on working hours).40 The possible reasons for such low response 
rate of wage income (and of working hours) are discussed in the next subsection.
3.2.2 Health and Health Related Variables
Self-Reported Health Status (SRHS)
The survey asks respondents ‘Right now, how would you describe your health 
compare to that o f other people of your age?\ and four possible responses are: 
excellent, good, fair and poor. The SRHS question is not available for waves 1989 
and 2009. Based on the above response of the SRHS, four dummy variables, which 
take value of one if an individual has excellent health, has good health, has fair 
health or has poor health, are created. Table 3.5 shows that 60% of respondents 
report their current health status as good, 21% of and 16% of those are in fair and 
excellent health, respectively. Only the minority (3%) report their health status as 
poor. Figure 3.5 describes the distribution of the SRHS for the whole sample across
38 The standard working hours for workers and staff in state organizations, social organization, 
enterprises and institutions and other organizations are eight hours a day.
39 See: http://law.51 labour.com/lawshow-50779.html. [cited 22nd Feb 2011, Chinese version].
40 The response rate o f hourly income is the ratio between the number o f people gives information on 
income from wages and the number of people who are presently working, i.e. (20,744/50,823)* 100%. 
The response rate o f working hours is the ratio between the number o f people gives information on 
weekly hours and the number o f people who are presently working, i.e. (32,317/50,823)*100%.
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six waves (1991-2006).41 It shows that the majority of respondents have good health 
status for each survey year, and the percentage of the excellent health status and of 
the poor health status changes very little across six waves. However, there is a trend 
that the distribution of the SRHS becomes worse after wave 1997, which is found to 
be consistent with the trend found in Qiu (2007a). It is worthwhile to note that the 
position of SRHS question in the CHNS was changed after wave 1997. For wave 
1991, 1993 and 1997, the SRHS question was listed in household questionnaire, 
whereas the following waves, it was listed in the physical examination survey 
questionnaire. The change of the position of SRHS question may makes individuals 
likely to evaluate their health from different perspectives. Therefore, the change of 
the SRHS after wave 2000 might not truly reflect a change of health.
Anthropometric Measurement
Height (barefoot; in meters) is measured by two professional by trained measurers 
who use height scale, and the average of two measurements is taken. The tallest 
individual in the whole sample is 1.90 meters and the shortest is 1.28 meters. The 
average height is 1.62 meters. When measuring weight, the respondent should wear 
only shorts and a shirt. Similar to the height measurement, two measurers who use a 
physician scale perform the weight measurement and take the average of two 
measurements. Weight is given in kilograms, and the mean value of the whole 
sample is approximately 59 kilograms.
BMI (kg/m2) is a widely used measure of an individual’s overweight/obesity and is 
defined as body weight in kilograms divided by the square of height in meters. 
According to the WHO on the International Classification of BMI, individuals with 
BMI between 18.5 and 25 are classified as healthy weight, while a BMI below this 
range is classified as underweight, those with BMI greater 25 is classified as 
overweight, and above 30 is classified as obese. Therefore, this study creates three 
dummy variables in accordance with the WHO BMI Classification, including 
uweight_who (BMI<18.5), nweight_who (BMI 18.5-25), and oweight_who 
(BMI>=25). Under the WHO BMI Classification, 75% of the whole sample is in the 
normal weight category, followed by overweight category (18%) and the
41 The distribution of the SRHS for the working sample (i.e. dummy variable employed equals one) is 
similar to the distribution showed in Figure 3.5.
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underweight category (7%). Figure 3.6 shows the distributions of WHO BMI 
Classification for the whole sample across eight waves. Between wave 1993 and 
2009, the proportion of oweight_who increases significantly and is matched by a 
decrease on both the proportion of nweight_who and of uweight_who. A similar trend 
can be found in Zhai et al. (2009).
There are many studies which suggest optimal cutoffs of BMI and WC for 
overweight using Chinese population.42 Yang et al. (2006), which use a cross- 
sectional sample of 1,109 males and 879 females aged 20-45 in central south China43, 
examine the utilities of three anthropometric indices which involve BMI, Waist 
Circumference (WC, in centimeters) and Waist-to-Hip Ratio (WHR), by employing a 
Receiver Operating Characteristic (ROC) curves analysis.44 They suggest that lower 
cutoffs of anthropometric indices for the diagnosis of health-related obesity should 
be applied to the Chinese population. Moreover, they propose that BMI and WC are 
better than WHR because of their high accuracy of predicting obesity. Similar 
conclusion can be found in Misra et al. (2005).
Bao et al. (2008) use BMI as a predictor of the metabolic syndrome (Mets) incidence, 
and study the optimal cutoffs of BMI for eastern Chinese population45. Similar to 
Yang et al. (2006), the authors also employ the ROC analysis to assess the usefulness 
of BMI associated with abdominal visceral obesity. The results show that the optimal 
cutoffs of BMI for male and female Chinese adults are 24.5 and 24.7, respectively. 
Based on optimal cutoffs of BMI for Chinese population proposed by Bao et al. 
(2008), a dummy variable, oweight bao, is created. Table 3.5 shows that 21% of 
individuals are in the overweight category.
Tuan et al. (2008) define the optimal cutoffs of BMI for Chinese population by the 
increased risk of hypertension disease. The sample which includes 2,077 men and
42 Qiu (2007a) adopts an adjusted measure o f BMI in which gender and age effect are take into the 
consideration, and proposes a different healthy range (BMI 15-19) by using CHNS panel data. Qiu 
(2007a) states that comparing to the WHO healthy range (BMI 18.5-25) which is relevant to the 
obesity-related disease, the adjusted healthy BMI range is substantially different since it is relevant to 
SRHS.
43 Yang et al. (2006) argue that their sample is not representative for the entire country since it only 
covers southern Chinese.
44 WC and WHR are two most common approaches on measuring abdominal obesity (Misra et al., 
2005).
45 Bao et al. (2008) also criticize that their sample might not represent the entire Chinese because the 
living standard and life styles are diverse in China.
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2,415 non-pregnant or non-lactating women (aged 18-65) comes from a two-year 
CHNS panel data (2000 and 2004). The results based on the ROC analysis conclude 
that a value of 23 is an optimal BMI cutoff for Chinese adults. Specifically, a BMI of
22.5 and 23.5 are found to be the optimal BMI cutoffs for Chinese men and women, 
respectively. Therefore, a dummy variable oweightjuan based on optimal cutoff of 
BMI proposed by Tuan et al. (2008) is created. Based on the optimal BMI cutoffs 
proposed by Tuan et al. (2008), 36% of individuals are in the overweight category. 
Figure 3.7 further describes the distribution of the three cutoffs of BMI on obesity 
(oweightjvho, oweightjbao and oweightjuan) for the whole sample across eight 
waves, respectively. As shown in Figure 3.7, both ‘oweight bao’ and ‘oweightjuan’ 
follow the same trend as ‘ ow eight_who\ Overall the proportion of ‘ oweight_bao' is 
higher than that of ‘oweight_who\ and the proportion of ‘oweightjuan’ is twice as 
much as the proportion of ‘oweight_who'.
Individual Daily Nutrient Intakes
The individual daily nutrient intakes include 3-day average intakes of energy (in 
kilocalories), and macronutrients which consist of protein (in grams), fat (in grams) 
and carbohydrate (in grams). This information is collected from the longitudinal 
Individual Daily Nutrient Intakes Master File. Four nutrition variables (continuous 
variables) are created in this study: energy, protein, fat and carbohydrate. Table 3.5 
shows that available sample for each nutrition measurement contains nearly 51,700 
individuals. In addition, Figure 3.8 describes the distribution of individual daily 
nutrient intakes (all in calories) for the whole sample across eight waves. It shows 
that the energy intake decrease from 2,970 kcal to 2,250 kcal, mainly due to the 
decrease of the carbohydrate intake. Furthermore, Figure 3.9 describes the 
distribution of the shares of calories from protein, fat and carbohydrate intakes across 
eight waves. Zhai et al. (2009) finds that, between wave 1989 and wave 2004, the 
share of calories from fat for the Chinese adults increases dramatically from 19% to 
28%. However, the shares of calories from each macronutrient intakes only change 
slightly between wave 1989 and wave 2009 in the CHNS.
According to the human energy requirements proposed by FAO/WHO/UNU (2001), 
daily energy requirement is related to gender, age and body weight, which is listed in 
Table 3.6. For instance, the range of daily average energy requirement for a man
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aged 20 and weighing 60kg is between 2,754 kcal and 3,224 kcal, when he 
participates in moderate physical activity. Furthermore, according to the dietary 
intake recommendations proposed by WHO/FAO (2003), the healthy protein intake 
is between 10% and 15% of total energy, the healthy fat intake is between 15% and 
30% of total energy, and the healthy carbohydrate intake is between 55% and 75% of 
total energy. The average daily energy intake and the share of calories from the three 
macronutrients (by gender and age) for the Chinese adults (the whole sample and the 
working sample) are presented in Table 3.7. The average daily energy intake for men 
aged less than 30 and aged 30-59 are 2,768 kcal and 2,642 kcal, respectively. The 
average daily energy intake for women aged less than 30 and aged 30-49 are 2,351 
kcal and 2,323 kcal, respectively, which are lower than those for men in each 
corresponding age group. Comparing with the whole sample, the working sample has 
slightly higher energy intake in each corresponding gender-age group. Both gender- 
age groups in the whole sample and in the working sample have the same shares of 
calories from protein intake (12%). The shares of calories from fat intake for each 
gender-age groups in the whole sample (24%-27%) are similar to those in the 
working sample (24%-26%). The shares of calories from carbohydrate for each 
gender-age groups in the working sample (60%-63% across all gender-age groups) 
are slightly lower than those in the whole sample (61%-64% across all gender-age 
groups).
On the basis of the energy requirement range proposed by FAO/WHO/UNU (2001), 
this study creates three dummy variables: lenergy which takes value of one if 
individual daily average energy intake is below the FAO/WFIO/UNU criteria; 
nerengy which takes value of one if individual daily average energy intake is within 
the FAO/WHO/UNU criteria; and henergy which takes value of one if individual 
daily average energy intake is above the FAO/WHO/UNU criteria. Similarly, 
according to the WHO/FAO criteria, nine dummy variables which reflect the levels 
of the three macronutrient intakes are created (Iprotein, nprotein, hprotein, If at, nfat, 
hfat, Icarbohydrate, ncarbohydrate, and hcarbohydrate). Table 3.5 shows that the 
number of individuals whose energy intake is below the FAO/WHO/UNU criteria 
accounts for more than half of the individuals whose weight information and energy 
intake information are both available. In addition, the number of individuals whose
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share of calories from protein, fat and carbohydrate does not meet the WHO/FAO 
criteria accounts for 22%, 17% and 29%, respectively.
Alcohol Consumption
The CHNS asks respondents whether or not they drank beer or any other alcoholic 
beverage during the past year. Those who answer in the affirmative are then asked 
information about their drinking frequency during the same period. Five possible 
responses are: 4almost every day\ 43-4 times a week\ 4once or twice a week\ 4once 
or twice a month’ and 4no more than once a month'.46 According to these two self- 
reported drinking questions in the CHNS, two discrete indicators, which are similar 
to the alcohol consumption measures in Tekin (2002), are constructed. One of the 
indicators {drink) is constructed using the first survey question of alcohol 
consumption. It is a dummy variable which takes on the value of one if an individual 
consuming any alcoholic beverage during the previous year, and zero otherwise. The 
other indicator are constructed by combining the responses of the two questions 
above, that is, six dummy variables which are named 4drinkdaily', 4drink3to4w\ 
4drinklto2w\ 4drinklto2m\ 4drinkOtolm' and 4nodrink’, respectively. As shown in 
Table 3.5, about 60% of respondents report that they did not consume any alcohol 
during the last year. 10% of respondents were daily drinkers, and the similar number 
of individuals drank once or twice a week. A slightly lower proportion, 8% of 
respondents, drank once or twice a month, and 6% drank three to four times a week. 
Only about 4% of respondents who drink alcohol, drink less than once a month.
Smoking
The CHNS asks respondents whether or not they have ever smoked cigarettes, 
including rolled or manufactured. Those who answered in the affirmative are then 
asked whether or not they are smoking currently and their daily cigarette 
consumption.47 Combining the answers to these three smoking questions, three 
smoking variables are created. The first variable, eversmoked, a dummy variable 
which takes the value of one if the respondent has ever smoked cigarettes, and zero
46 For wave 1991, 1993 and 2000, the alcohol consumption questions were listed in the physical 
examination survey questionnaire. For other three waves, they were listed either in the household 
survey questionnaire or in the adult survey questionnaire.
47 For wave 1991, 1993 and 2000, the cigarettes consumption questions were listed in the physical 
examination survey questionnaire. For other three waves, they were listed either in the household 
survey questionnaire or in the adult survey questionnaire.
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otherwise. The second variable, smokenow, a dummy which takes value of one if the 
respondent is a current smoker, and zero otherwise. The last variable, dailysmokeamt, 
a continuous variable indicates the number of cigarettes being smoked per day. Table
3.5 shows that 35% of individuals have smoked, and 96% of them are still 
consuming cigarettes. On average, an individual consumes approximately 5 
cigarettes with a minimum zero value indicates non-smokers and a maximum 60 
cigarettes. For individuals who are current smokers, around 15 cigarettes are 
consumed daily on average, and this number is consistent with the descriptive 
statistics in Pan and Hu (2008). Pan and Hu (2008) use a five-year CHNS panel data 
(1991-2004) to examine the changes in both the prevalence and frequency of 
cigarette smoking in China. In their study, the prevalence of smoking is measured by 
the probability of smoking, and the frequency of smoking is measured by the number 
of cigarettes smoked daily. They find that there is a slight decreasing trend in the 
prevalence of smoking, and a slight increasing trend in the frequency of smoking in 
China. They also find that: i) individuals who are older, male, residents in urban area, 
currently working, having a second job, having a higher number of smokers in the 
household, and living in a smaller community size are found to be associated with a 
higher probability of smoking, whereas living in a larger household size seems to 
contribute to the decrease in the probability of smoking; ii) being older, male, 
currently working, having a second job, and a higher number of smokers in the 
household have positive impacts on the frequency of smoking, conversely, urban 
residence, a larger household size, a larger community size and a higher average 
community daily wages, are negative predictors of an increase in smoking frequency.
3.2.3 Other Explanatory Variables
The demographic variables utilized in this study include gender, age, area of 
residence (urban/rural), region of residence (province), marital status, number of 
children in each household, educational attainment and occupation.
As can be seen from Table 3.5, 55% of sample is male and 45% of is female. It 
includes linear term of age (age), and also includes four age group (<agel6_25, 
age26_35, age36_45 and age46_59). The average age of the sample is approximately 
36 years old and the distribution among four age categories is relatively uniform. 
Since the sample of CHNS data is collected in four types of residential areas which
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including urban neighbourhoods and suburban villages within the cities, and county
4fttowns and rural villages within the counties, an area of residence variable {urban) 
can be created, that is, a dummy variable which takes the value of one if the 
respondent is a resident in urban neighbourhood or county town areas, and zero 
otherwise. 70% of respondents live in rural area which is consistent with the overall 
rural-urban population distribution in China (Liu et a l , 2008).
The nine dummy variables which capture region of residence are liaoning, 
heilongfiang, jiangsu, shandong, henan, hubei, hunan, guangxi and guizhou, 
respectively. Liaoning and Heilongjiang are two north eastern provinces of China49, 
with an economy based mainly on heavy industry; Jiangsu and Shandong are two 
eastern coastal provinces of China in which economic reform commenced early; 
Henan, Hubei and Hunan are located in central region of China; Guangxi and 
Guizhou are located in south western part of China in which economic progress is 
comparatively slow (Qiu, 2007b). Table 3.5 shows that respondents living in each of 
nine provinces are well distributed. Table 3.8 lists the Gross Domestic Product (GDP) 
and per capita GDP by region of residence from wave 1997 to wave 2009. As 
developed coastal province in China, Jiangsu has the highest GDP and per capita 
GDP in the nine provinces for all five waves. In contrast, the GDP and per capita 
GDP in Guizhou is the lowest. Shandong has the second highest GDP for all five 
waves and the second highest per capita GDP for wave 2004, 2006 and 2009. 
Among the rest of the provinces, Hunan and Liaoning have relatively high GDP and 
per capita GDP, respectively, for all five waves.
This study further investigates the distribution of the SRHS across gender, area of 
residence and region of residence which is shown in Table 3.9. The second row of 
Table 3.9 shows that Jiangsu and Shandong have relatively small proportions of the 
poor health status (2% and 1%, respectively). On the other hand, Liaoning and Hubei 
have relatively large proportions of the poor health status (both accounts for 4%). 
Heilongjiang and Shandong have the highest percentages of the excellent health 
(29% and 27%, respectively) and lowest percentages of the fair health (18% and
48 The area o f residence variable is created by using the original sampling-unit variables o f the CHNS 
data which are also used to construct the household ID variables.
49 The Three Northeast Provinces o f China which refer to Northeast China consist o f Liaoning, Jilin 
and Heilongjiang. Since the Northeast is one o f the earliest regions to develop heavy industry in 
China, therefore the urbanization level o f this region are relatively high comparing with most parts of  
China.
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15%, respectively) among nine provinces. Although Guangxi and Guizhou have the 
smallest proportions of the excellent health status (5% and 10%, respectively), the 
proportions of the good health status for these two provinces are relatively small 
among nine provinces. According to the third and the fourth rows of Table 3.9, there 
is only a small difference between the percentage of excellent health for men and for 
women in Heilongjiang and Hunan, a small difference between the percentage of 
good health for men and for women in Hubei and Guangxi, and a small difference 
between the percentage of fair health for men and for women in Liaoning and 
Guangxi. Both sexes show the same average percentage of good health (60%) and of 
poor health (3%). In addition, the difference between the average percentage of 
excellent health for men and for women, and the difference between the average 
percentage of fair health for men and for women are both very small. The fifth and 
the sixth rows present the distribution of SRHS by area of residence and region of 
residence. In Shandong, there are large urban and rural differences in the proportion 
of good health and of excellent health. There are also obvious urban and rural 
differences in the proportion of excellent health in Liaoning and of good health in 
Hubei. Both areas show the same average proportion of fair health (21%) and of poor 
health (3%). The average proportion of excellent health in urban areas is higher than 
that in the rural areas, whereas the average percentage of good health in urban areas 
is lower than that in the rural areas.
In terms of other control variables, marital status is captured by a dummy variable, 
married, which takes the value of one if respondents are married, and zero otherwise 
(refers to people whose current marital status are single, divorced, widowed or 
separated). Table 3.5 shows that three quarters of respondents are married. Since 
there is no direct measure on how many children an adult has in the CHNS, instead, 
this is calculated using the total number of children per household (nchildrenhh) by 
summing all respondents who are under 16 years old in each household. It also 
shows that each adult has less than one child on average50 with a maximum of six 
children. However, note that ‘nchildrenhh’ does not necessarily mean the child 
dependent on the adult individual. In other words, a value of one on nchildrenhh 
indicates that there is one child within that household, while it does not necessarily 
mean that every adult household member have an obligation to take care of the child.
50 The One-Child Policy was implemented in 1979.
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This paper further creates three binary indicators on the presence of children in the 
household: a binary indicator childO which takes value of one if there are no children 
in the household, and zero otherwise; a binary indicator childl which takes value of 
one if there is one child in the household, and zero otherwise; a binary indicator 
child2m which takes value of one if there are two or more children in the household, 
and zero otherwise. As shown in Table 3.5, 42% of observations have no children in 
their household, 36% of observations have one child in their household, and 22% of 
observations have two or more children in their household51. Li and Wu (2011) use 
CHNS panel data to examine the intrahousehold resource allocation and bargaining 
power in China. Based on a culture of son preference in China, they find that the 
nutrition intake (including protein and calorie intake) for a woman can be improved 
by having a first-born son. In addition, the probability of being underweight (a BMI 
less than 20) for a woman also can be reduced by having a first-born son.
Six binary indicators controls for the highest educational level achieved include 
noedu, primary, lowermid, upper mid, techvoc and university. According to Table 3.5, 
15% of respondents do not attain any academic qualification. The proportion of 
respondents who obtain the highest qualification on lower middle school is relatively 
larger than others, which accounts for 39%. Only 4% of people have bachelor degree 
or above. Using a similar working age sample for the 1991, 1993 and 1997 panels of 
CHNS, Liu et al. (2008) find an even smaller proportion of individuals in ‘university’ 
(3%).
For those in work, nine categories are used to describe the occupation of respondents. 
The first two categories are senior professional/technical personnel (such as doctor, 
lawyer, professor, engineer and architect) and junior professional/technical personnel 
(such as photographer, nurse, teacher, midwife and editor), respectively. The third 
category includes police officer, army officer, factory manager, 
administrator/executive/manager, section chief, government official, director and 
administrative staff. The fourth category includes office staff such as secretary and 
office helper. The fifth category includes farmer, fisherman, logger and hunter. The 
sixth and seventh categories are technical/skilled worker (such as craftsman and 
foreman) and non-technical/non-skilled worker (such as labourers). The eighth
51 Among the observations who have two or more children in the household, 80% of them have two 
children in the household.
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category includes driver, and service worker such as counter sales, waiter, cook, 
housekeeper, doorkeeper, barber/beautician, childcare and launderer. And the final 
category includes athlete, handicraft, musician, actor, policeman ordinary soldier, 
engagement in small commercial household business and other. Accordingly, nine 
binary variables are constructed using the above categories (occup l , occup_2, 
occup_3, occup_4, occup_5, occup_6, occup_7, occup_8 and occup_9). As shown in 
Table 3.5, agricultural occupation category (occup_5) accounts for half of the total 
occupation categories, technical, non-technical and service occupation category 
account for 8%, 12% and 11%, respectively, of the total. For the rest of the 
occupation categories, each represent 5% or less of the total.
This study utilizes three dummy variables to describe the employment status among 
those in work, which are selfemp, employee, and otherposi, respectively. The first 
dummy variable (selfemp) equals to one if  individuals report their employment 
position as self-employed (such as independent operator with no employees and 
owner-manager with employees). The second variable (employee) takes on the value 
of one if individuals are paid family works, or work for another person or enterprise. 
The last dummy variable (<otherposi) takes value of one if individuals are unpaid 
family workers, temporary workers or other. As shown in Table 3.5, almost 56% of 
respondents are self-employed and 36% are ‘employee’, only minority report as 
4otherposi’ which account for 8%.
The type of work unit is described using three binary indicators: privatesec, 
government, and typeother. In Table 3.5 there is a large proportion (63%) of 
respondents work in an individual or private enterprise, three source invested 
enterprise, household business, or family contract. Working in state enterprise or 
government units accounts for 21% of those in work. As mentioned in the previous 
subsection, 50,823 individuals are presently working, while only 40% and less than 
63% of respondents give information on income from wages and on working hours, 
respectively. Similarly, there is a low response rate of the size of the work unit 
(59%) comparing with that of other explanatory variables. Therefore, this study 
defines four dummy variables, i.e. firm020, firm20100, JirmmtlOO, and firmunk, to
52 The response rate o f the size o f the work unit is the ratio between the number o f people who give 
information on the size of the work unit and the number of people who are presently working, i.e. 
(28,405/50,897)* 100%.
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measure the total number of employees within the work unit. The dummy variable, 
frimunk, is used to control for individuals who have missing value on the size of their 
work unit. In addition, a dummy variable, secjob, takes on the value one if an 
individual has a second job. As can be seen from Table 3.5, only a small number 
(10% of the sample) of people have second job.
Table 3.10 presents the response rates for earnings, working hours and firm size 
across the nine occupation categories. The column (a) indicates the proportion 
employed in each occupation category; column (b) indicates the response rate of the 
average monthly earnings in each category; column (c) indicates the response rate of 
the weekly hours worked in each category; column (d) indicates the response rate of 
the hourly income in each category; and column (e) indicates the response rate of the 
size of the work unit in each category. Similarly, Table 3.11 shows these response 
rates across the three employment position categories. From Table 3.10 it is evident 
that half of the sample engages in what broadly can be described as agricultural type 
work, however, only 3% of them give their information on hourly income due to the 
low response rate on both monthly earnings (3%) and weekly working hours. 
Moreover, just 30% report their size of the work unit. A possible reason for the low 
response rate on wage income, working hours and the size of work unit is that people 
who engage in agricultural work are self-employed (94% of agricultural workers are 
self-employed in this study), therefore they might either be unwilling to respond or 
have difficulty in calculating their monthly earnings, and working hours. In studying 
the impact of health on wages in Brazil, Thomas and Strauss (1997) explain the 
reason for choosing the urban sample only, is because, there are many households 
operate farms in the rural area and most of them are family enterprises which contain 
more than one household member, implying the difficulty in gathering individual 
income information. Also note that only 35% of respondents whose occupation are 
engagement in small commercial household business, handicraft, athletes or other, 
give their information on hourly wage income due to the low response rate on 
monthly earnings (36%). Since nearly half of individuals in the above occupation 
category are self-employed, they might have difficulty on calculating their monthly 
earnings, working hours or the size of the work unit.
Interestingly, for individuals who are self-employed, similar results can be found in 
Table 3.11. Among the respondents who report their employment position, more than
half are self-employed. Nevertheless, merely 7% of the self-employed people give 
their information on hourly income because of the low response rate on both monthly 
earnings (7%) and weekly working hours. As shown in Table 3.12, a large proportion 
(94%) of agricultural workers are self-employed, whereas for individuals who do not 
engage in agricultural work, only 19% are self-employed. Further, Table 3.13 
examines the distribution of the occupation/employment position categories between 
the urban and rural areas. It shows that 65% of workers in the rural area work in 
agriculture whereas 7% are agricultural workers in urban area. In the rural area 69% 
of respondents are self-employed whereas 20% are self-employed in urban area.
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Chapter 4 Health and Employment
4.1 Introduction
An individuals’ health status is considered as an important index for assessing a 
nation’s economic development, social advancement, health care and population 
quality (Chen, 2005). China has achieved impressive economic success since 
launching market-oriented reforms in 1979 and one of the reasons behind this is the 
relatively good human capital compared to that of other developing countries (CMH, 
200553; Banister, 2009). From this aspect, health, which is a condition to acquiring 
skills and be productive at work, has played an indispensable role in Chinese 
economic development.
The prevalence of obesity has become a global health problem in both developed and 
developing countries, including China (WHO, 2000). The increasing prevalence rate 
of obesity in the US and in many European countries has been well documented. Due 
to changes in diet habits and in lifestyle (for example, a high fat or protein intake and 
a decrease in physical activities), along with the rapid development of Chinese 
economy, increasing attention has been given to the growing issue of obesity in 
China (Du et al., 2002). According to Gao et al. (2008), China accounts for one out 
of eight overweight and one out of 16 obese people in the world. In addition, based 
on the WHO definition, where overweight is defined as a BMI (kg/m ) of 25-30 
(includes 25) and obesity is defined as a BMI (kg/m ) greater than or equal to 30, the 
population of overweight and obese individuals in China in 2005 increased to 226 
and 34 million, respectively.
As argued by CMH (2005), China has been relying heavily on rapid accumulation of 
physical capital in recent years. Therefore, the Chinese government is called upon to 
increase investment in health capital as a precondition to increasing the labour 
productivity, thereby achieving sustainable economic growth. Moreover, the 
Seventeenth National Congress of the CPC in 2007 clearly put forward the task of 
improving the health of the whole nation, including providing everyone with access 
to basic medical and health services, and strengthening the responsibility and 
increasing the input of government (Xu, 2007). In this context, the underlying
53 Recall from the Chapter 2 that ‘CMH (2005)’ refers to the Report of the Commission on 
Macroeconomics and Health (CMH) in China, 2005.
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question is whether individuals’ health would have an impact on their labour market 
performance such as on employment status.
A better understanding of the effect of health on employment is of crucial importance 
in estimating the costs of health problems to the economy, this is because if poor 
health negatively affect labour productivity and labour force participation, health 
limitations lead to economic loss in terms of production loss (Chirikos, 1993; Cai 
and Kald, 2006). So far, much of the work in studying this relationship has been 
undertaken in US and in European countries. Such work for developing countries is 
relatively scarce, especially for China. Therefore, one of the aims of this chapter is to 
contribute to the literature in estimating the impact of health on employment for the 
working-age population in China.
An issue in exploring the impact of health on employment is the measurement of 
health in general and the potential endogeneity of health in particular. The 
measurement of health has been described in Chapter 1. One advantage of this 
analysis is the use of multiple measures of health, i.e. both the self-reported health 
status and obesity (which is measured by BMI) to examine the link between health 
and employment.
To account for the potential endogeneity of health, some studies have employed an 
IV approach to instrument their measure of health such as Stem (1989), Bound et al. 
(1996) and Cawley (2004). This chapter also employs an IV approach to control for 
the potential endogeneity of health. Based on a recursive bivariate probit model, 
information on whether individuals were bom in the period of the ‘Great Chinese 
Famine’ (also known as the ‘Three Years of Natural Disasters’), 1958-1961, is used 
as one of the instruments for both the two health measures. This study adopts two 
different measures as an additional instrument for SRHS and for obesity, 
respectively. An area level SRHS measure - the prevalence of SRHS in the area in 
which the respondent lives, is used as another instrument for individual SRHS. 
Information on protein intake is used as an additional instrument in estimating the 
effect of overweight on employment. Therefore, the third advantage is being able to 
compare the results when assuming health is exogenously associated with 
employment to the results when treating health as an endogenous variable.
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The data source used in this analysis is the second - seventh waves (1991, 1993, 
1997, 2000, 2004 and 2006) of the CHNS, which has been described in Chapter 3. 
Unlike using the cross-sectional data in Pan and Qin (2010), this chapter utilises the 
panel nature of the data and therefore is able to control for individual unobserved 
factors which may bias the estimates of the impact of health on employment 
(Arulampalam and Booth, 1998; Garcia-Gomez and Nicolas, 2006; Cai, 2010; 
Garcia-Gomez et al., 2010).
This chapter also provides evidence on the impact of health on employment for sub 
samples within the population, and is able to explore the differences across genders, 
ages and area of residence in China. The evidence when examining the influence of 
gender on relationship between health and employment from the existing literature 
are somewhat mixed. Some studies find evidence that the impact of health on 
employment is larger for women than for men, for example, in Australia (Cai and 
Kald, 2006; Cai, 2010) and in the US (Luft, 1975; Baldwin and Johnson, 1994). In 
contrast, Garcia-Gomez et al. (2010) find that the effect is larger for males than for 
females using the British Household Panel Survey. The effects of health on 
employment probabilities are expected to be different for urban and for rural 
residents. Recall from Chapter 2 that the employment reforms increase the 
employment pressure in urban area. In rural area where agriculture is still dominant, 
most of the workers are either self-employed or family-run enterprises54. From this 
aspect, health might be more important in terms of employment probabilities for 
urban residents than for rural residents. Another focus in this chapter is to examine 
the health effect on employment across the young (aged 16-45) and the older (aged 
46-59) working-age Chinese. Researchers argue that it is important to cover the 
entire working-age group rather than a narrowly defined sample of individuals such 
as the retirement decisions to the older working-age population. To the author’s 
knowledge, few studies have been undertaken in this area for the Chinese 
population55, for example, Benjamin et al. (2003) and Pan and Qin (2010). Previous 
evidence from Australia finds the effect of health on labour force participation is 
larger for the older groups (Cai and Kald, 2004 and 2006; and Zhang et al., 2009).
54 Recall from Table 3.13 in Chapter 3 that about 70% of workers in rural area are self-employed, 
while about 20% of workers in urban area are self-employed.
55 Chang and Yen (2011) find that mental health problem is negatively associated with labour force 
participation for the Taiwanese elderly.
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This analysis therefore contributes to the literature by analyzing the health effect on 
employment for both young and older working-age population in China.
The rest of the chapter is organized as follows: the next section briefly reviews some 
issues regarding the potential endogeneity of health and weight-based discrimination. 
Section 4.3 reviews the results of previous empirical research. In Section 4.4, the 
empirical strategies along with more detailed descriptions of the variables used in the 
empirical analysis are provided. Section 4.5 discusses the empirical results. The final 
section summarises and draws some conclusions.
4.2 Background
Endogeneity of Health
Human capital theory implies that health might be endogenous to labour market 
behaviour (Becker, 1964; Grossman, 1972b; and Currie and Madrian, 1999). 
Individuals need to make investments into health to maintain or improve their health 
status over their lifetime. Since the investments require both time and material 
resources, the availability of resources might depend on the individual’s labour 
supply (Cai and Kald, 2006; Cai, 2010). So far a number of studies have found 
evidence of the endogeneity of health on labour market activities, for example, Stem 
(1989), Cawley (2004), Cai and Kald (2006), Morris (2007) and Cai (2010). There 
are three main causes of endogeneity of health to employment: first, simultaneity, 
that is, employment could also have an impact on individuals’ health. For example, 
employment pressure might be subject to a deterioration of health (Cai and Kald, 
2006; and Cai, 2010). Alternatively, it is possible that unemployed individuals who 
have lower incomes are more likely to consume cheaper, unhealthy or even more 
fattening food (Morris, 2004 and 2007; and Greve, 2008). The second source of 
endogeneity is justification endogeneity, which arises from the use of measures of 
self-reported health measures (e.g. the self-reported health status)56. For example, 
individuals who are not employed might tend to report poor health status to justify 
their unemployment (Stem, 1989; Bound, 1991; Morris, 2004; Cai and Kald, 2006; 
Morris, 2007; Greve, 2008; Zhang et al., 1999; and Cai, 2010). Although more 
objective health measures are less likely to lead to justification endogeneity, it is
56 It is also note that self-reported health may also suffer from measurement errors (Bound, 1991; 
Morris, 2004, Cai and Kald, 2006; Zhang et al., 1999).
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possible that objective health measures are subject to endogeneity problem such as 
simultaneity (Bound, 1991; Cai and Kald, 2006; and Cai, 2010). The third source of 
endogeneity is unobserved factors, which are correlated with both health and 
employment, such as time preferences (Morris, 2004 and 2007; Greve, 2008; Zhang 
et al., 1999; and Cai, 2010). It is possible that individuals who are obese have a 
higher time preference rate and so put less emphasis on their future health. It is also 
possible that individuals with a higher time preference rate are less likely to invest in 
their human capital and so are more likely to be employed rather than be out of the 
labour force (Morris, 2007). If health is treated as an exogenous variable in an 
employment equation, the estimated effect of health may be biased. Therefore, the 
potential endogeneity of health to employment should be examined in order to obtain 
efficient estimates of the effect of health on employment.
Weight-based Discrimination
The existing literature suggests that body weight exerts its impact on employment 
through two mechanisms. First, body weight might affect employment through the 
health channel (Pan and Qin, 2010). Having unhealthy body weight may limit the 
ability to work, which will decrease the individual productivity, thereby affecting 
employment (Greve, 2008). For example, being underweight is probably caused by 
malnutrition (Pan and Qin, 2010), while being overweight or obese might be strong 
indicators for a number of diseases such as hypertension, coronary heart diseases, 
type II diabetes, gout and pulmonary diseases (NHLBI, 1998; and WHO, 2000). 
Second, there might be discrimination against people who have unhealthy body 
weight. According to Morris (2004), weight-based discrimination can be considered 
as a situation in which, after controlling for all the factors (including health) that 
should affect employment, having unhealthy body weight still positively or 
negatively associated with employment. Individuals who have unhealthy body 
weight suffer discrimination mainly due to two factors: the prejudice or preference 
from employers, employees or customers (Becker, 1971); and the stereotyping by 
employers (Everett, 1990; Kristen, 2002; Morris, 2004 and 2007). From the personal 
aesthetic point of view, employers and employees may prefer to work with those 
who have a favourable body shape. Furthermore, some employers also believe that
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obesity is a sign of laziness and lack of self-control, while underweight people 
(especially underweight men) is often considered as lack of strength (Greve, 2008).
4.3 Empirical Evidence
When investigating the role played by health on labour force participation, many 
studies have focused on older working-age people and employment (for example, 
Costa, 1996; Bound et al., 1999; Campolieti, 2002; Au et al., 2005; Disney et al., 
2006; and Kalwij and Vermeulen, 2008), since understanding this relationship for 
older workers has important policy implications regarding the retirement decisions. 
Cai and Kald (2006) state that it is essential to keep older people in the labour market 
to meet the increasing demand for public expenditure on income support for the 
elderly. Moreover, encouraging older workers to remain active in the labour market 
enhances the labour supply to support national production for developed countries. 
Nonetheless, studies relating to the link between health and labour market outcomes 
for younger working-age people are less comprehensive (Currie and Madrian, 1999). 
Garcia-Gomez et al. (2010) argue that it is of great importance to focus on the entire 
working-age group rather than a narrowly defined sample of workers.
4.3.1 Evidence from the International Literature
The Impact of Self-reported Health Status, Illness or Disability on Employment
Stem (1989) examines the impact of disability on labour force participation for 
American adults (aged 25-65) using two data sets. The first data set is a sample of 
3,052 adults from 1978 Survey of Disability and Work (SDW) and the second data 
set is a sample of 11,653 adults from the 1979 cohort of the Health Interview Survey 
(HIS79). This study uses three indicators to measure disability, including: ‘limits' 
(whether individuals claimed any health limitations), ‘health’ (self-rated health from 
excellent to poor) and ‘conditions' (the number of symptoms or diseases that 
individuals have). Labour force participation is measured as whether individuals are 
employed or not, and a simultaneous equations discrete choice model is estimated by 
employing both two-step estimation and Maximum Likelihood Estimation (MLE) 
techniques. In addition, Stem (1989) also uses various symptoms or diseases as 
instruments to account for the potential endogeneity of disability. Three endogeneity 
tests are performed, including an asymptotic Mest from two-step procedure, a Wald
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test using maximum likelihood estimators and a Hausman (1978) test. The study 
concludes that all disability variables negatively affect labour force participation for 
American adults. It also found that only the MLE estimates for HIS79 present weak 
endogeneity of ‘limits' .
Cai and Kald (2006) use data from the Household, Income and Labour Dynamics in 
Australia (HILDA) Survey, 2001, to estimate the impact of self-reported health status 
on labour force participation. This analysis is carried out for four population groups, 
men aged 15-49, men aged 50-64, women aged 15—49 and women aged 50-60. A 
dummy variable measuring the labour force participation status indicates whether 
individuals are in the labour force (including both employed and unemployed 
individuals) or not. An ordered variable (0 = poor, 1 = fair, 2 = good, 3 = very good, 
4 = excellent) is used to measure the self-reported health status. To account for the 
potential endogeneity of self-assessed health, a simultaneous equation model which 
is similar to that in Stem (1989) is estimated using a full information maximum
cn
likelihood (FIML) estimation technique . Three major findings are concluded in this 
study: (i) a positive relationship between better health and the probability of labour 
force participation is found for all four groups; (ii) for both genders, the effect of 
health on labour force participation is larger for the older groups than for the younger 
groups, and for both age groups, the effect is larger for women than for men; (iii) the 
hypothesis of endogeneity of health cannot be rejected for all groups.
Garcia-Gomez and Lopez-Nicolas (2006) examine the impact of a health shock on 
employment and income for the Spanish working-age population using panel data 
from the eight waves of the European Community Household Panel (ECHP), 1994- 
2001. This study uses various measures of employment and income. The four 
employment measures are the probability of being employed, the probability of being 
unemployed, the probability of being out of the labour force (which includes 
retirement, housework, inactivity and being a student) and the probability of being 
inactive (which is one of the elements included in the third employment measure). 
There are eight income measures in this study, including total household income, 
total individual income and three sources of income (income from labour, private
57Cai and Kald (2006) also apply the two-stage estimation method and confirm that both approaches 
provide consistent parameter estimates. However, they argue that the two-stage estimation method 
which is also applied in Stem (1989) is less efficient than the FIML method.
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transfers and security transfers). The measure of health shock is based on a five- 
scaled responses to the survey question on self-reported health status (very good, 
good, fair, bad and very bad), and is defined as a drop from ‘very good’ or ‘good’ to 
‘fair’, ‘bad’, or ‘very bad’. The authors estimate the Average Treatment Effect on the 
Treated (ATET) using matching and a differences in differences technique to control 
for the endogeneity of health and unobserved heterogeneity. The authors conclude 
that: (i) suffering a health shock has a statistically significant and negative effect (- 
5%) on the probability of being employed and has a statistically significant and 
positive effect (3.5%) on the probability of being inactive; and (ii) negative changes 
in health significantly reduce total income since the increases in social security 
transfers does not offset the decrease in workers’ income.
Using the pooled data from the Australian National Health Survey (NHS2001 and 
NHS2004), Zhang et al. (2009) explore the effects of four measures of chronic 
diseases (four dummy variables indicating the incidences of cardiovascular diseases, 
diabetes, mental diseases and other chronic diseases involving asthma, cancer and 
arthritis) on the probability of labour force participation. Similar to Cai and Kald 
(2006), the sample is divided into four groups (men aged 18-49, men aged 50-64, 
women aged 18-49 and women aged 50-64), and the same technique used in Cai and 
Kald (2006) is applied on a multivariate endogenous probit model to account for the 
potential endogeneity of the incidences of the diseases variables in this study. The 
results show that for men in both age groups, the probability of labour force 
participation is significantly and negatively affected by all measures of chronic
58disease , and the effects are larger for older men than for younger men. There are no 
significant effects of chronic diseases on probability of labour force participation for 
women in both age groups59. In addition, the null hypothesis of exogeneity of 
diseases measures is rejected for all groups.
Cai (2010) investigates the effect of self-reported health on labour force participation 
of Australia males (aged 25-64) and females (aged 25-59). Unlike Cai and Kald 
(2006), who use cross-sectional data from the HILDA, 2001, this study uses panel 
data from the first four waves of HILDA and, therefore is able to control for
58 There is one exception that the effect o f cardiovascular diseases is statistically insignificant for 
younger men.
59 There is one exception that the measure of other chronic diseases has a significant and negative 
effect on the probability of labour force participation for older women.
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unobserved heterogeneity. By applying the same measures of health and labour force 
participation and the FIML method, Cai (2010) concludes the following findings 
which are similar to Cai and Kald (2006): (i) having better health significantly 
increases the probability of labour force participation for both Australia men and 
women, and the effect is larger for women than for men; (ii) based on the Wald 
statistics, the hypothesis of exogeneity of health is rejected for both genders.
Garcia-Gomez et al. (2010) use panel data from the British Household Panel Survey 
(BHPS), 1991-2002, to investigate the impact of health on the labour market entries 
and exits between working-age males (aged 16-64) and females (aged 16-59). This 
study applies the discrete-time hazard method to estimate the effects of health on the 
hazard of employment and the hazard of non-employment. Employment covers 
individuals who are either employed or self-employed. Non-employment is defined 
as individuals whose current economic activity is ‘unemployment, retirement, 
maternity leave, family care duties, being a student, being long-term sick or on a 
government training scheme’ (Garcia-Gomez et al., 2010, pp. 65). The authors use 
three measures of health: two constructed latent indices of health limitation and self- 
reported health status which are able to purge the reporting bias, and an index of 
psychological well-being called General Health Questionnaire (GHQ) index. By 
applying the discrete-time duration model, the authors confirm that: (i) a worsening 
in general health positively affects the hazard of non-employment and negatively 
affects the hazard of employment, and the effect is larger for males than for females; 
(ii) negative changes in mental health are associated with an increase in the hazard of 
non-employment, and the effect is larger for men than for women. However, 
negative changes in mental health do not have a statistically significant impact on the 
hazard of employment.
By applying the same empirical strategies as Garcia-Gomez and Lopez-Nicolas 
(2006), Garcia-Gomez (2011) explores the relationship between adverse health 
transitions and employment for working-age population across nine European 
countries (Belgium, Denmark, France, Greece, Ireland, Italy, The Netherlands, 
Portugal and Spain). The panel data used in this study also comes from the same 
survey as Garcia-Gomez and Lopez-Nicolas (2006), that is, ECHP, 1994-2001. 
Garcia-Gomez (2011) uses four employment measures and two measures of health
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shocks. The four employment measures are the probability of being employed 
(including self-employed), being unemployed, being early retired and being inactive. 
The first measure of health shock is the same as the measure in Garcia-Gomez and 
Lopez-Nicolas (2006). The second measure of health shock is defined as the onset of 
a chronic condition based on a survey question which asks individuals whether they 
have any chronic health problem or disease. Garcia-Gomez (2011) finds evidence 
that negative changes in health significantly decrease the probability of being 
employed, and increase the probability of being unemployed and being inactive for 
most of the nine European countries. In addition, the effect on the probability of 
being employed is largest for Ireland, Denmark and The Netherlands, whereas health 
shocks do not have statistically significant effect on employment for Italy and 
France.
The Impact of Body Weight on Employment
Both Morris (2004) and Morris (2007) explore the effect of obesity on employment 
for men and women using pooled data from two waves of the Health Survey for 
England (HSE, 1997 and 1998). Nonetheless, they use different instruments (base on 
the IV method) to account for the endogeneity of obesity. The samples used in 
Morris (2004) and Morris (2007) include 16,929 and 16,967 observations, of 
working age, respectively.60 For both studies, the employment indicator is a dummy 
variable which equals to one if the individual is employed (including self-employed) 
and zero otherwise. There are two measures of obesity in Morris (2004). The first 
measure is a dummy variable which equals one if the individual has a BMI above 30 
(in kg/m ) and zero otherwise. The second measure is a dummy variable which 
equals one if the individual has a BMI above 35 (in kg/m ) and zero otherwise. 
Morris (2004) uses a univariate probit model and a recursive bivariate probit model 
(IV regression) which is able to control for the potential endogeneity of obesity. The 
instruments used in the IV regression are two measures of individual physical 
activity, indicating whether or not the respondent has been for a brisk walk and has 
undertaken any types of physical activity for at least 15 minutes in the last four 
weeks, respectively. Morris (2004) finds evidence that: (i) there is a negative 
relationship between obesity and employment for both sexes. For both obesity
60 In the sample of Morris (2004), 8,305 are male and 8,624 are female. In the sample of Morris 
(2007), 8,324 are male and 8,643 are female.
94
measures, the negative effect on employment is larger in magnitude for women than 
for men. For both men and women, the negative effect is larger for the second than 
for the first obesity measure; (ii) the null-hypothesis of exogeneity is rejected for 
both sexes and for both obesity measures, which indicates that failure to control for 
the endogeneity of obesity will underestimate the negative influence of obesity on 
employment. The obesity measure used in Morris (2007) is the same as the first 
measure in Morris (2004). Morris (2007) adopts three methods to account for the 
potential endogeneity of obesity, which are a univariate probit model, propensity 
score matching, and a bivariate probit model (IV regression). The instrument used in 
the IV regression is the prevalence of obesity in the respondents’ living area. 
Moreover, the marginal effects, the ATET and the Local Average Treatment Effect 
(LATE) are estimated using the univariate probit model, propensity score matching 
and the IV regression, respectively. The key findings are: (i) the negative impact of 
obesity on the probability of being employed is statistically significant for both 
genders; (ii) for men, the null-hypothesis of exogeneity of obesity cannot be rejected, 
and the negative effect is similar across the three approaches. For women, the null- 
hypothesis of exogeneity is rejected. Both studies suggest that, under the hypothesis 
that individuals’ health can be correctly controlled for in the employment model61, 
there is evidence of discrimination against the obese.
In analysing the impact of BMI on the probability of being employed between 
genders, Greve (2008) draws on a panel data from the Danish Work Environment 
Cohort Study (DWECS) 1995 and 2000, including a sample of 3,618 men and 3,666 
women, aged 18-60. BMI is calculated by the author using the self-reported height 
and weight in the Danish survey. To correct for measurement error in BMI, Greve 
(2008) applies a Bendixsen’s formulation to predict the true BMI. The effect of a 
continuous of BMI value and a discrete measure of BMI are estimated with a probit 
model, a fixed effects logit model, and an IV model. The discrete measure of BMI 
contains four dummy variables indicates whether an individual is underweight (BMI 
less than 18.5), overweight (BMI between 25 and 30), obese (BMI of 30 or more) 
and having healthy weight (BMI between 18.5 and 25, which is used as the reference 
group). The author uses whether the interviewee’s father or mother had been
61 Both studies use self-reported health, acute illness, longstanding illness and mental health as control 
variables for individual’s health.
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prescribed medication for genetically determined diseases related to obesity between 
1995 and 2000 as the instruments of respondent’s BMI. The result shows a 
significant inverted U-shaped relationship between BMI and employment for Danish 
men and a significant negative relationship for Danish women. The Wald test of 
exogeneity reveals that BMI is exogenously related to employment for both genders.
Johansson et al. (2009) use a sample of 1,163 males and 1,170 females (both aged 
30-54) from the Health 2000 in Finland population survey to study the effect of 
obesity on the probability of being employed (excluding the self-employed ). The 
authors use various indicators of individual body weight, including both continuous 
and discrete measures of BMI, Waist Circumference (WC) and fat mass, which are 
measured by the health professionals. The BMI classification in this study is the 
same as that in Greve (2008). For males, having high fat mass is defined as a percent 
body fat more than 25 and having high WC is defined as a WC more than 102cm. 
For females, having high fat mass is defined as a percent body fat more than 30 and 
having high WC is defined as a WC more than 88cm. The marginal effects are 
estimated based on a probit model. The results reveal that there is an inverted U- 
shaped relationship between BMI and employment for males, and no effect of BMI 
on employment for females. Fat mass is negatively associated with employment for 
males and both fat mass and WC have a statistically significant and negative impact 
on employment for females. Regarding the probit estimates when applying discrete 
measures of individual body weight, the results show that being underweight, having 
high WC and having high fat mass are negatively associated with employment for 
males. For females, all measures of obesity (including being overweight, being obese 
and having high WC/fat mass) have statistically significant and negative effects on 
employment. However, Johansson et al. (2009) point out that their study fails to 
account for the endogeneity of obesity due to lack of valid instruments.
4.3.2 Evidence from the Chinese Literature
In studying the impact of health on labour supply of the elderly in rural China, 
Benjamin et al. (2003) extract five health indicators from the panel dimension of the 
1991, 1993 and 1997 waves of the CHNS. The first (binary) health indicator used in 
this paper, is the top two categories of the Self-Reported Overall Health Status
62 Johansson et al. (2009) state that only 7% of the labour force in Finland is self-employed.
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(SRHS) which can be collected from each of the three waves in the CHNS. They 
exploit IV methods to address the potential endogeneity of SRHS and attenuation 
bias. The second indicator is the BMI. The authors create two extremums which are 
‘Low BMI’ and ‘High BMI’. ‘Low BMI’ is defined as BMI less than 20, and ‘High 
BMP is defined as BMI greater than 30. The third indicator is the limitations on 
activities of daily living (ADL). However, the CHNS only collects data on the 
limitations on daily living activities for people aged over fifty years old. The last two 
health indicators are an index of Physical function limitations (PF) and a binary 
measure of Subsequent Death, respectively. The index of PF is derived from a series 
of five questions which ask information about the current state of individuals’ 
physical functions such as heart, stomach, arms, legs, hearing and speaking. The 
authors utilize the index of PF’s as instruments for the SRHS to account for the 
potential endogeneity and measurement error bias. The Subsequent Death indicator is 
used to validate other health indicators. Three labour supply indicators are measured 
as: i) positive weeks worked during the last year; ii) hours of work during the last 
year (including zero values); iii) hours spent on different types of work. Benjamin et 
a l (2003) also estimate both fixed-effects and random-effects model and apply non- 
parametric, reduced-form and structural analysis in addressing the difficulty of 
isolating age from cohort effects. Although they conclude that deteriorating health 
plays a small observable role in interpreting decreasing labour supply for Chinese 
elderly workers aged from 60 to 70, their findings suggest a statistically significant 
estimate of the impact of health on labour supply for the other working-age groups.
Based on the Urban Resident Basic Medical Insurance Survey (URBMI) 2008, Pan 
and Qin (2010) examine the impact of BMI on the probability of being employed for 
the Chinese working-age population. The sample is split by gender and age 
(men/women aged 18-30, men/women aged 30-40, men/women aged 40-50, men 
aged 50-60 and women aged 50-55). The authors calculate BMI based on the self- 
reported height and weight in the survey. The effect of a continuous measure of BMI 
and a discrete measure of BMI are estimated with the probit model and an IV 
model . Instead of using the international classification of BMI such as Greve (2008) 
and Johansson et al. (2009), Pan and Qin (2010) use a BMI classification which is
63 Pan and Qin (2010) only use the IV method to estimate the effect o f BMI on employment between 
genders.
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proposed by the Cooperative Meta-analysis Group of the Working Group on Obesity 
in China (C-WGOC) and is specifically for the Chinese population. The discrete 
measure of BMI contains four dummy variables indicates whether an individual is 
underweight (BMI less than 18.5), overweight (BMI between 24 and 28), obese 
(BMI of 28 or more) and having healthy weight (BMI between 18.5 and 24, which is 
used as the reference group). The instruments are the average BMI, the prevalence of 
underweight, the prevalence of overweight and the prevalence of obese in 
respondents’ living area. There are four major findings: (i) there is a statistically 
significant and inverted U-shaped relationship between the continuous measure of 
BMI and employment for both genders; (ii) for men, being underweight is negatively 
associated with employment and being overweight is positively associated with 
employment. For women, being obese is negatively associated with employment, 
neither being underweight nor being overweight has a statistically significant effect 
on employment; (iii) based on the Wald statistics, BMI is exogenously related to 
employment for both genders; (iv) BMI is more sensitive in terms of the probability 
of being employed for people in age group 18-30 than those in other age groups. The 
authors suggest that their findings provide evidence of discrimination against 
underweight men and obese women. Nevertheless, they also argue that there are two 
shortcomings in their study: that the use of the self-reported height and weight in 
calculating BMI might produce measurement errors; and they are unable to deal with 
the omitted variables bias by using the cross-sectional data.
4.4 Model and Methodology
4.4.1 Model and Methodology - SRHS as a Measure of Heath
In order to estimate the impact of SRHS on employment for the. Chinese working-age 
population, this chapter firstly adopts the pooled probit model. The panel nature of 
the CHNS is then utilized to estimate a Random Effects (RE) probit model and a 
Fixed Effects (FE) logit model64 to control for unobservable individual heterogeneity. 
Furthermore, this study employs a recursive bivariate probit model, which draws 
heavily on model specification of Morris (2007), to account for the potential
64 The author uses Stata programme to estimate the pooled probit, RE probit and FE logit. To the best 
knowledge of the author, Stata does not allow for the FE probit estimation.
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endogeneity of SRHS. The following model specifications also draw heavily on 
Arulampalam and Booth (1998), and Cameron and Trivedi (2009).
Similar to the cross-sectional probit model which is used to estimate binary or 
dichotomous outcome variables, the pooled probit model also relies on a between 
comparison as all individual observations are pooled across time, and is as follows: 
Assume, P(yit = l \x it) = <P(P0hit + /?ixit), 
where, P = probability, 
i = individuals,
t  = time periods, i.e. waves 1991, 1993, 1997, 2000, 2004 and 2006, 
y it = a binary response indicator of employment,
/lit = SRHS indicator,
xit = a vector of additional (either time-varying or time-invariant) explanatory 
variables that affect employment,
/?0 and /?! = coefficients, and j30 is a measure of the impact of SRHS on employment 
to be estimated from these,
0  = the standard normal Cumulative Distribution Function (CDF).
The probit model is as follows:
v _ ( l i f y u  =  Pohi t+PiXi t  +  e0i t > 0 , i  =  l , . . . , n , t  =  l , . . . ,T  ,. n
y i t _ ( 0  o t h e r w i s e  ’ ( }
where, y*t = a latent variable of employment,
£ 0 i t  = random errors which are assumed to follow the standard normal 
distribution with variance 1, and £0it~ W(0,1).
Under the weaker assumption that errors are independent across individuals, eoit is 
likely to be correlated over time for a given individual, thus cluster-robust standard 
errors are then used to correct for error correlation over time for a given individual.
By allowing for the panel nature of the data, a RE probit assumes that the 
heterogeneity across individuals is time-invariant, the error term eoit in Equation (4.1) 
can be decomposed as:
^0i t  ~  ^-0i 4" P o it  (4-2)
where, k0i = the individual specific unobservable effect,
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= a random error term, which is independent of X[t , assumes 
Moit~ where IN refers to Independent Normal Distribution.
In order to marginalize the likelihood, it assumes that Ki~ IN(0, a£0) and is 
independent of the p oit and xi t . This implies that the correlation between two 
successive error terms for the same individual i is a constant, given by:
Po = corr{ eoi2, eoil) = - r ^ r  (4-3)
£() Mo
A likelihood-ratio test of the significance of p0 (H0: p0= 0) compares the pooled 
probit estimator with the RE probit estimator (StataCorp, 2009). If p0 = 0, the 
pooled probit parameter estimates will be equal to the RE probit estimates, then it is 
appropriate to use the pooled probit estimator. If p0 =£ 0, then it suggests that the RE 
probit estimator would be more appropriate.
In the case of the FE logit model, assume, P(yit = 1 | x it) =  A  (p0hit + PiXit), where 
A  denotes the logistic CDF, x^denotes a vector of time-varying explanatory variables, 
Kidenotes an individual fixed effect which is independent of X;t , and p;tis a time- 
varying logit-distributed error term. Identification of the FE logit model relies on 
within-individual variations in the dependent variable and explanatory variables. 
Therefore those individuals who do not change employment status cannot be 
included in the FE logit estimation, neither the coefficients of the time-invariant 
explanatory variables, such as gender, are identified. Unlike the random effects 
methods, fixed effects methods help to control for omitted variable bias by having 
individuals serve as their own controls (Allison, 2009; Williams, 201 la  and 201 lb). 
Williams (2011b) states that if there are omitted variables, and these variables have 
time-invariant effect on the dependent variables, then fixed effect models may 
provide a means for controlling for omitted variable bias.
It is well known that in a linear regression model the estimated coefficient measures 
the effect on the average value of the depend variable for a unit change in the value 
of the explanatory variable (Gujarati, 1995). However, the coefficient estimate in a 
nonlinear model need to be transformed to obtain an estimate of the marginal effects, 
since the marginal effects give the change in predicted probability associated with 
the changes in the explanatory variables (Anderson and Newell, 2003).
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In the probit model, the marginal effects for explanatory variables 
(i.e.dE(yit) /d (p 0hit + are given by:
dE(yit) /d (p 0hit + pt xit) =  Q?0 + PihtQiPohu +  PiXitX (4.4)
where, E = the predicted probability, given that E(yit) = <t>((30hit “b Pl^itX 
0  = the standard normal density function, where
4>(Pohit +  Pixit) = ^ § exP ( _  \(fioh-u + PiXit)2),
Pit = the coefficient of the explanatory variable xit.
In the logit case,
dE(yit) /d (p 0hit +  =  (/?0 + PJugiPohu + P ^ X  (4.5)
where, g = the probability density function, where
- m u  i n  \    exp((30h i t+PiXit)
aW ontt+PlX it) ~ [i+exp(fiohit+plXtt^ '
Dummy (or categorical) variables can be normalized to equal to zero at the desired 
reference point, P0hit + simplifies to c, and (f)(p0hit +  simplifies to
0(c), where c is the estimated constant term. Therefore, the marginal (or discrete) 
effect of a dummy variable (i.e. the difference between the predicted probability with 
and without that dummy variable equals to one) is given by:
E (yu Id =  1) -  E(yit\d = 0) = 0 (c  + d) -  0(c),
where, d = the estimated parameter for the dummy variable.
In the logit case,
E(yit\d =  1) - E ( y it\d = 0) = g(c  + d) -  g (c ), (4.7)
Theoretical speaking, the marginal effect of an explanatory variable gives the 
difference between the predicted probability of being employed with and without that 
explanatory variable equals to one, holding other explanatory variables at their 
reference groups.
The above methods assume that SRHS conditional on the covariates is independent 
of employment, i.e. the SRHS is exogenously related to employment. If SRHS is 
endogenous then the conditional independence assumption is violated, and the 
marginal effects based on the above models are biased, which results in an unreliable 
estimate of the effect of SRHS on employment. Therefore, this study uses an IV
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(4.6)
regression approach based on a recursive bivariate probit model where the dependent 
variable is binary and an independent variable is binary and endogenous. Based on 
Morris (2007), the model is as follows:
y\t = P2h*it +  p3xit + £i it (4-8)
K t  =  +  P s*u  + £2i t (4 .9 )
E [ e i ]  =  E[ s 2] =  0  (4 .1 0 )
Var[s i] = Var[s 2] = 1 (4.11)
Cov[£1,£2] =  Pi (4.12)
where, h*t = an unobserved latent variable such that hit =  \  \  > ^
’ lt lt 10 if/iit < 0
Zjt = a vector of IVs that are correlated with hit but not el9
xft = a vector of additional explanatory variables that affect h*t ,
= coefficients, and the coefficients of interest is /?2,
p1 = the correlation between the error terms (i.e. £± and £2) in Equation (4.8)
and (4.9).
A Wald test of the significance of p1 is a direct test of the endogeneity of h*it in
Equation (4.8). If px = 0 then it is appropriate to adopt the univariate probit model. If
pi =£ 0 then SRHS is endogenous, the univariate probit estimates are biased, which 
indicates that the recursive bivariate probit model should be adopted.
The method of computing marginal effects is similar to that in the pooled probit 
model. The difference is that the estimated coefficients used in Equation (4.9) are /?2
and /?3 instead of /?0 and /?x. Therefore the marginal effects in this case take into
account the endogeneity of SRHS.
Applying an IV method to control for potential endogeneity of SRHS requires a 
variable that is correlated with and exogenous to SRHS but uncorrelated with 
employment. Morris (2007) states that instruments should fit two characteristics: first, 
it must be a non-weak predictor of /i;t conditional on Xjt (i.e. /?4 =£ 0|x;t ); it is 
possible to test this characteristic by examining the significance of z in the Equation 
(4.9); second, it must be uncorrelated with £lit (i.e. Cov(Zjt,£lit) = 0), however, this
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is not possible to test directly and this assumption must be maintained. The validity 
of the variables (which are considered as potentially suitable instruments) will be 
examined later in this section.
The data used in studying the impact of health on employment are the six waves of 
the CHNS which include 1991, 1993, 1997, 2000, 2004 and 2006.65 The analysis is 
based on a sample of working-age adults (16-59 for male, 16-49 for female), and 
screens out the observations that have missing values for general demographics66and 
self-reported health status. In addition, those who are still at school or undertaking 
full-time study are also excluded from the sample (i.e. 6% of sample is excluded), 
because they might not have established work patterns (Haveman et al., 1994). Thus 
the sample includes 15,272 individuals pooled across the six waves (for each 
/, t = 1, where T < 6 in a case of the unbalanced panel), that is, a total of 
40,723 observations.
This chapter uses an unbalanced panel data. It is generally argued that a balanced 
panel is preferred over an unbalanced panel since it allows an observation of the 
same individual in every time period, which reduces the noise caused by individual 
heterogeneity. Some researchers also point out that consideration should be given to 
the potential panel bias occurring due to attrition in research analysis, such as Russell 
(1981) and Benjamin et al. (2003). Poking et al. (2009) document the extent of 
attrition of the CHNS - if response rate was based on those who participated in 
previous survey years remaining in the current survey, the response rate was about 
88%; and would be about 69% if response rate was based on those who participated 
in first survey (CHNS, 1989) and remained in survey 2006. The authors also list 
three main causes of attrition, which have also described in Section 3.1 of Chapter 3 
(on p. 35): (i) participants who left in one survey year (and may also move back in a 
later year) due to travel, hours of work or refusal to participate the survey; (ii) since 
1997 new participants were added as replenishment samples if participants have 
formed a new household or joined another household or there are fewer than twenty 
households in a survey site; and (iii) Liaoning province was replaced by
65 Recall from Chapter 3 that the first wave and the latest wave are not used because both waves did 
not survey the self-reported health status which is one o f the health measures o f this thesis.
66 Recall from Chapter 3 that general demographic information in this thesis is considered as 
information on gender, age, marital status, area o f residence, region o f residence, educational 
attainment and current working status (presently working or not working).
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Heilongjiang province in 1997 (and rejoined in the following survey year, in 2000), 
because it was unable to participate in the survey for natural disaster, political and
f\ 7administrative reasons. Accordingly, if using a balanced data, individuals who 
living in Liaoning or Heilongjiang, that is, around 20% of the sample, would be 
dropped from the analysis. Although there is no systematic reason for not using 
unbalanced data and this approach is adopted throughout, the results should be 
discussed with caution and awareness of potential influence of panel attrition bias.
The sample is split by sex, by urban/rural area and by age group. Young working-age 
adults are defined as adults who are aged between 16 and 45, and older working-age 
adults are defined as adults who are aged 46 and over. Separate analyses are 
undertaken for 7,818 males and 7,454 females (22,411 and 18,312 observations, 
respectively), for 4,905 urban and 10,367 rural residents (11,407 and 29,316 
observations, respectively), and for 11,204 young and 4,068 older working-age 
adults (31,801 and 8,922 observations, respectively).
As explained in Chapter 3 the binary response indicator y it denotes employment, i.e.
a dummy variable, employed, which equals to one if an individual is presently
68working (including self-employed), and equals to zero otherwise . The SRHS 
indicator includes four dummy variables excellent, good, fair and poor (the reference 
category), which take value of one if an individual has excellent health, has good 
health, has fair health or has poor health, respectively. Since the bivariate probit 
model requires that both the dependent variable and the endogenous variable take a 
binary form (Greene, 2011), the dummy variable, poor, is used to measure individual 
health. Further justification for the focus on poor health as the dependent variable in 
the bivariate probit model will be provided as part of the discussion of the empirical 
results in the next section.
The other explanatory variables have been found to affect employment status 
(Mullahy and Sindelar, 1996; Tekin, 2002; and Pelkowski and Berger, 2004) include 
gender (male), age, educational attainment, urban/rural area (urban), region of
67 For more detail, see Popkin et al. (2009), p. 3.
68 Recall from Chapter 3 that the employment indicator used in this thesis is consistent with that in 
Jones (2011).
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residence, marital status {married), and presence of children in the household.69 A 
more comprehensive discussion of the explanatory variables is provided in Chapter
703. Four dummy variables capture age effects include agel6_25 (the reference 
category), age26_35, age36_45 and age46_59. Six binary indicators record the 
highest educational level achieved include noedu (the reference category), primary, 
lowermid, uppermid, techvoc and university. The following nine dummy variables 
control for region of residence (i.e. province) are liaoning (the reference category), 
heilongjiang, jiangsu, shandong, henan, hubei, hunan, guangxi and guizhou. childO
71(the reference category). Three dummy variables, childO childl and child2m , 
indicate the presence of children in the household. Dummy variables for the survey 
year are also included: 1991 (the reference category), 1993, 1997, 2000, 2004 and 
2006.
To account for the potential endogeneity of health, some studies use long-term health 
condition and physical functioning limitations as instruments for self-reported health 
(Stem, 1989; Bound et al., 1996; Cai and Kald, 2006; Cai, 2010). It is not possible to 
use either of these variables here because information on long-term health conditions 
is not surveyed in all the selected waves and information on physical functioning 
limitations is only surveyed for Chinese adults aged 55 and over.
This chapter considers a number of alternative variables as potentially suitable 
instmments for SRHS. Recall from Chapter 4 that three dummy variables are created 
according the energy requirement range proposed by FAO/WHO/UNU (2001), 
including lenergy, nerengy and henergy, which takes value of one if individual daily 
average energy intake is below, within, and above the FAO/WHO/UNU criteria, 
respectively. Similarly, based on the WHO/FAO criteria, nine dummy variables 
which reflect the levels of the three macronutrient intakes are created {Iprotein,
69 It is worth to mention that since the CHNS 1991 did not survey the individuals’ nationality 
(minority status), the estimation fails to control for the effect o f individuals’ nationality.
70 Table 3.5 in Chapter 3 gives descriptive statistics for both the dependent variable and the 
explanatory variables.
71 Recall from Chapter 3, childO takes the value one if  there are no children in the household, and zero 
otherwise; childl takes the value one if  there is one child in the household, and zero otherwise; and 
child2m takes the value one if  there are two or more children in the household, and zero otherwise.
72 The information on long-term health condition is based on a survey question - whether individuals 
have any o f health problems such as goiter, angular stomatitis, blindness in one eye (or both eyes), 
loss o f one arm (or both arms) or use o f one arm (or both arms), and loss o f one leg (or both legs) or 
use o f one leg (or both legs). Although the question can be found in the CHNS 1993, but for some 
reason the corresponding variable is not included in the original longitudinal dataset.
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nprotein, hprotein, I fat, nfat, hfat, Icarbohydrate, ncarbohydrate, and hear bo hydrate). 
However, these variables are not found to be suitable instruments for individual 
SRHS due to one or both of the following reasons. First, they do not have a 
statistically significant effect on health. Second, they are correlated with employment. 
This was explored by examining their significance in the Equation (4.8).
In this chapter, the first instrument used for SRHS is a dummy variable, famine 
which takes value of one if an individual was bom in the period of the ‘Great 
Chinese Famine’ (1958-1961). This study also adopts an area level SRHS measure - 
the prevalence of SRHS health status in the area in which the respondent lives, as 
another instrument in for individual SRHS. It is defined as the average value of the 
SRHS in the area (or community) in which the respondent lives, ivsrhs_t4 (where the 
individual level of SRHS value is defined as: 1 = poor, 2 = fair, 3 = good, and 4 = 
excellent). Recall from Chapter 4 that the CHNS surveyed nine provinces. In each 
province, both cities and counties are surveyed. Urban neighbourhoods and suburban 
villages within the cities, and county towns and rural villages within counties are 
then randomly selected. In total there are 216 sampling unities (or communities) 
from nine provinces, including 36 urban neighbourhoods, 36 suburban villages, 36 
county towns and 108 mral villages. Based on community-level, the mean number of 
sample observations per area is 173, and ranges from 20 to 335. The use of the area- 
based SRHS as an instrument for individual SRHS relies on a ‘peer group effect’.73 
The two instruments are included in the Equation (4.9). According to Cai and Kalb 
(2006) and Cai (2010), the other explanatory variables which have been found to 
affect self-reported health status, including all the other variables in employment 
equation except the presence of children in the household, are also included in the 
health equation (Equation (4.9))74.
The average employment rates against SRHS for each of the sample groups are 
tabulated in Table 4.1a. The average employment rate of each health status category 
is defined as a ratio between the number of people who are presently working in each 
health status category and the total number of people in that health status category. It
73 The ‘peer group effect’ has been well documented in Morris (2007) where the area level obesity is 
used as the instrument for individual obesity.
74 The significance levels o f the variables on the presence of children in the household are also tested 
by including them in the health equation. The result shows that they do not have a statistically 
significant effect on health.
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shows that the average employment rate of poor health status category is the lowest 
among the four SRHS categories for all the sample groups. For example, the 
employment rate of poor health category for men and women are 72% and 77%, 
respectively. The average employment rates of the other three health status 
categories are similar to each other at between 86%-89%. In addition, the 
employment rates of the these three health status categories are larger for the male, 
the rural, and the young working-age sample than for the female, the urban, and the 
older working-age sample, respectively. Table 4.1a also shows the distribution of 
SRHS (in parentheses) for each of the sample groups. For all the sample groups, 
good health status accounts for the highest proportion of the population health status 
categories (more than a half), while the poor health status typically accounts for less 
than 5% (except the older working-age sample).
Table 4.1b provides descriptive statistics across the sample groups for the other 
explanatory variables and the instruments. To summarise, 4% of men and 3% of 
women (3% of young and 4% of older people) have a degree qualification. Urban 
residents are, on average, better educated than rural residents, with 9% of urban 
residents and 1% of rural residents having a degree qualification. In rural area, 26% 
of adults have two or more children in their household, which is more than twice as 
many as the urban residents. For the older working-age (aged 46-59) sample, 4% was 
bom in the period of the famine (1958-1961). For the other sample groups, around
n c
6% - 8% were bom in that period. The mean value of the area-based SRHS 
measure for all the sample groups is very close to 3, i.e. good health status. This is 
consistent with the statistics from Table 4.1a that 53%-62% of sample has good 
health status.
4.4.2 Model and Methodology - BMI as a Measure of Heath
This chapter uses the same models in estimating the effect of BMI on employment 
for Chinese working-age adults: the pooled probit model, the RE probit model, and 
the FE logit model. However, the health indicator, BMI, is added to the employment 
equation.
75 For example, respondents in survey 1991 are roughly aged between 30 and 33 if they were bom  
between 1958 and 1961, and are roughly aged between 45 and for respondents in survey 2006.
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Based on the same waves of the CHNS as in Section 4.4.1, the sample in this sub­
section includes 14,206 individuals pooled across the six waves (for each /, t = 
1 , ...,T , where T <  6 in a case of the unbalanced panel), that is, a total of 35,791 
observations. The sample is also split by sex, by urban/rural area and by young/older 
working-age adults. Separate analyses undertake for 7,275 males and 6,931 females 
(19,248 and 16,543 observations, respectively), for 4,597 urban and 9,609 rural 
residents (10,114 and 25,677 observations, respectively), and for 9,571 young and 
4,635 older working-age adults (27,584 and 8,207 observations, respectively).
This section uses various classifications of BMI to measure overweightness/obesity: 
(i) the WHO classification of BMI; (ii) the C-WGOC76 classification of BMI; (iii) the 
Bao et al. (2008)’s classification of BMI; and (iv) the Tuan et al. (2008)’s 
classification of BMI. The WHO classification of BMI is an international BMI 
classification, therefore it is used as the primary health indicator in estimating the 
effect of BMI on employment. The other three types of classification of BMI are 
proposed specifically for the Chinese population, therefore their effects on 
employment are also examined as a comparison. Recall from Chapter 3 that four 
dummy variables are created in accordance with the WHO classification of BMI: 
uweightjwho (BMI<18.5), nweight_who (BMI 18.5-25), oweight_who (BMI 25-30), 
and obese who (BMI>=30). Four dummy variables are created based on the C- 
WGOC criteria: uweight_cwgoc (BMI<18.5), nweight_cwgoc (BMI 18.5-24), 
oweight_cwgoc (BMI 24-28), and obese cwgoc (BMI>=28).
As shown in Table 4.2a, the average employment rates by BMI categories using the 
C-WGOC classification are similar to those using the WHO classifications. 
Individuals with normal weight have the highest average employment rate for all the 
sample groups, except for female and the older working-age sample which 
underweight individuals have the largest average employment rate. Obese 
individuals have the lowest average employment rate for all the sample groups 
except for men.
76 The C-WGOC is the abbreviation for the Cooperative Meta-analysis Group of the Working Group 
on Obesity in China.
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Bao et al. (2008) and Tuan et al. (2008) only propose the optimal BMI cutoff points
77for overweight . In other words, individuals cannot be distinguished by whether they 
are underweight, healthy weight, overweight or obese. Therefore, instead of creating 
four dummy variables, only one dummy variable is created for each of these two 
types of BMI classification, that is, oweightjbao (take the value of one if male 
BMI>=24.5 or female>=24.7, and zero otherwise) and oweighttuan (take the value 
of one if male BMI>=22.5 or female>=23.5, and zero otherwise), respectively. For 
the purpose of comparison, two additional dummy variables are also created based 
on the WHO and the C-WGOC classifications, respectively, i.e. oweight_who2 (take 
the value of one if BMI>=25, and zero otherwise) and oweight_cwgoc2 (take the 
value of one if BMI>=24, and zero otherwise). As mentioned earlier, since the 
bivariate probit model requires that the endogenous variable takes a binary form, the 
dummy variable, oweightj*>ho2, is therefore used as a combined measure of obesity.
The other explanatory variables included in the employment equation of this analysis 
are the same as those in Section 4.4.1. Following Morris (2004) and Morris (2007), 
the dummy variables for SRHS are also added to the employment equation as an 
additional health indicator. Theoretically speaking, if an individual health can be 
correctly controlled for in the employment equation, and being underweight or being 
overweight still positively or negatively associated with employment, then there is 
evidence of discrimination against people who have unhealthy body weight. 
However, it is only true under an assumption that SRHS completely captures the
no
impact of health on productivity. In order to explore this issue, separate models 
with and without controlling for SRHS are estimated in this analysis.
In taking account of the potential endogeneity of overweight or obesity, some studies 
use information on BMI of interviewee’s parents, siblings or biological children 
(Cawley, 2004; Norton and Han, 2007 and 2008; and Greve, 2008), the degree of 
physical activities undertaken by the respondent (Morris, 2004), an area level of BMI 
(Morris, 2007). Information on physical activities as instruments for overweight 
since information on physical activities is not surveyed in all the selected waves in
77 The overweight in Bao et al. (2008) and Tuan et al. (2008) also include obesity.
78Besides using the self-reported health, both Morris (2004) and Morris (2007) further use acute 
illness, longstanding illness and mental health as explanatory variables for individuals’ health.
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the CHNS so is not utilized.79 Further, no information is available on the BMI of 
interviewee’s parents, siblings or biological children. Other variables that can be 
considered as potentially suitable instruments for overweight include dummy 
variables for individual daily average nutrient intakes. Additionally, some area-based 
health measures are also created and are considered as potentially suitable 
instruments, including ivbm ij4  and ivow eight_t4. The variable, ivbm ij4 , is defined 
as the average value of BMI in the area in which the respondent lives. The variable, 
ivoweight_t4, is defined as the prevalence of overweight (BMI above 25) in the area 
in which the respondent lives. Further investigation suggests that none of these 
variables can be used as suitable instruments for overweightness. For example, 
ivbmi_t4, ivoweight_t4, henergy, hfat and hcarbo cannot be used as instruments for 
overweightness since they are strongly correlated with employment for almost all the 
sample groups.
In this chapter, the dummy variable, famine, is used as an instrument for 
overweightness in estimating the effect on employment. Information on protein 
intake is also used as an additional instrument for overweight. It is a dummy 
variable, hprotein, which takes value of one if an individual's daily average protein 
intake is above the WHO/FAO criteria.80 Table 4.2b provides descriptive statistics 
for this variable. It shows that the percentage of people whose daily average protein 
intake is above WHO/FAO criteria accounts for 10% for the total sample. Urban 
residents have the highest percentage which accounts for 15%, whereas rural 
residents have the lowest (7%).
4.5 Empirical Results
4.5.1 The Impact of SHRS on Employment
The marginal effects of SRHS impact on employment using the pooled probit 
(column 2), the RE probit (column 3) and the FE logit models (column 4) are shown 
in Tables 4.3-4.6. A total of 12,752 individuals are dropped from the fixed effects 
specification since there is no variation in y itover t, leading to a loss of 31,291 
observations of the original 40,723 observations. Additionally, the time-invariant
79 The information on physical activities is not surveyed in CHNS, 1991, and 1993.
80 More detailed information of the variables on individual daily nutrient intakes is provided in 
Chapter 3.
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explanatory variables, male, urban, and the region dummy variables cannot be 
estimated in this specification. Large declines of the observations are also found in 
the FE logit estimates of Tables 4.4-4.6, thus the discussion of the results will not 
focus on the FE method. Allison (2009) warns that the FE coefficients might be 
imprecise and have large standard errors in a case where within-individual variation 
is small relative to the between-individual variation. Cai (2010) also argues that 
although the FE model can be estimated, the reliability of the results is still 
questionable due to the large number of individuals excluded. Table 4.7a and Table 
4.7b show the transition probabilities of employment and of SRHS, respectively. In 
Table 4.7a, there is considerable persistence of work status from wave to wave. 
Indeed, 51 % of those who did not work in one wave also did not work at next wave, 
while 91% of those who worked during one wave also worked at the next wave. In 
Table 4.7b, a considerable persistence is also found in good health status. 62% of 
those who reported good health status one wave also reported the same health status 
at next wave. As for the transition probabilities of the other three levels of health 
status, 26%/32%/23% of those who reported excellent/fair/poor status one wave also 
reported the same health status at next wave.
The Impact of SHRS on Employment - Total Sample
The marginal effects of the employment model for the whole sample are shown in 
Table 4.3. The coefficient estimates of health variables are the same in sign but are 
smaller in magnitude across the pooled probit and the RE probit model, suggesting 
that accounting for unobservable factors reduce influence of health. Additionally, the 
FE logit estimates are almost the same in sign and are similar in magnitude 
comparing to the pooled probit estimates. Table 4.3 shows that all the SRHS 
variables are significantly different from zero at the 1% level. The likelihood-ratio 
test of the significance of p0 (H0: Po= 0) shown at the bottom of Table 4.3 suggests 
that the null hypotheses of p0 can be rejected (i.e. p-value = 0.00), therefore the 
results from the RE probit model are preferred to the pooled probit model.
According to the third column of Table 4.3 (the RE probit estimates), holding other 
explanatory variables at their reference groups, individuals who have good health 
status are 9.0 percentage points more likely than individuals who have poor health 
status to be employed. Individuals who have excellent/fair health status are 8.6/8.8
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percentage points more likely than individuals who have poor health status to be 
employed. This indicates that better health is positively associated with the 
probability of being employed for the Chinese population. This finding is consistent 
with that of the most existing studies, for example, Stem (1989) for the US 
population and that in Garcia-Gomez and Lopez-Nicolas (2006), the Average 
Treatment Effect on the Treated (ATET) based the matching and differences in
O 1
differences method shows that suffering a health shock reduce the probability of 
being employed by around 5 percentage points for the Spanish working-age
o7
population . However, none of these estimates are directly comparable. This is 
mainly because authors use different methods or different measures of employment. 
From Table 4.3 it also can be seen that there is a positive effect of any health status 
relative to the poor health status, and these marginal effect estimates are similar in 
terms of magnitude. This result, which is consistent with the statistical analysis in 
Table 4.1a, suggests that changes between excellent, good and fair health status 
would not change the probability of being employed.
As for the marginal effects from other non-health explanatory variables, men are 6.0 
percentage points more likely than women to be employed. Individuals age 26-35 
and age 36-45 are 5.0 and 5.7 percentage points more likely to be employed than 
individuals age 16-25, respectively. Individuals with technical or vocational degree 
qualifications (techvoc) and with university or higher degree qualifications 
(iuniversity) are 6.0 and 8.0 percentage points more likely than individuals with no 
qualifications, respectively. Urban residents are 9.2 percentage points less likely to 
be employed than rural residents. There are also some regional differences in 
employment within China. For individuals who are resident in Jiangsu and Guizhou, 
relative to individuals who are resident in Liaoning, the predicted probability of 
being employed will increase by approximately 6 percentage points. Married people 
are 4.4 percentage points more likely than people who are single, divorced, widowed 
or separated to be employed. The presence of children in the household has small 
effect on employment status. Only children2m (having two or more children in the 
household) has a statistically significant effect on employment, with a marginal
81 Recall from Section 4.3 that in their study a health shock is defined as a drop o f the SRHS from 
‘very good’ or ‘good’ to ‘fair’, ‘bad’, or ‘very bad’.
82 See Table 2 in Garcia-Gomez and Lopez-Nicolas (2006), p. 1003.
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effect of 1.0 percentage points. The year effects in Table 4.3 reflect the declining 
trend in employment as that identified in Figure 3.3 (Chapter 3).
The Impact of SHRS on Employment - Men versus Women
The marginal effects for men and women estimated separately are shown in Table 
4.4. The estimated effects of the explanatory variables for both genders are the same 
in sign across pooled probit model and RE probit model, again after controlling for 
unobservable individual heterogeneity RE probit estimates are smaller in magnitude 
comparing to the pooled probit. The likelihood-ratio test of the significance of pQ 
(H0: p0= 0) shown at the bottom of Table 4.4 also suggests that the null hypotheses 
of p0 can be rejected, therefore the estimates of the RE probit model are preferred to 
the pooled probit model for both men and women. The RE probit estimates for both 
men and women in Table 4.4 show that all the SRHS variables are significantly 
different from zero at the 1% level. For males, being in excellent, good and fair 
health increases probability of being employed by approximately 12.0 percentage 
points relative to those in poor health. Again, the marginal effect estimates of these 
health statuses are similar to each other in terms of magnitude for both genders. 
However, the positive effects for women are smaller in magnitude (3.8-4.7 
percentage points) than those for men, which indicate that the positive effect of better 
self-reported health status on the predicted probability of being employed is larger 
for men than for women. This conclusion is similar to that in Garcia-Gomez et al. 
(2010) who also use panel data to examine the SRHS on employment for the UK 
working-age males and females. Unfortunately, the coefficient estimates are not 
directly comparable due to the different methods used. However, the empirical 
results for the Australia population reach the opposite conclusion. For example, in 
Cai and Kald (2006), a deterioration of health (from one level to a lower level of 
health status) reduces the probability of labour force participation by 0.5-0.7 
percentage points for Australian men, and by 1.6-1.8 percentage points for Australian 
women, respectively . Further, Cai (2010) finds a deterioration of health (from one 
level to a lower level of health status) reduces the probability of labour force
83See Table 5 in Cai and Kald (2006), p. 254.
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participation by 1.6-2.4 percentage points for Australian men, and by 3.3-3.7
84percentage points for Australian women, respectively .
Some of the marginal effect estimates of the other explanatory variables are also 
reported in Table 4.4-Table 4.6 because they are found to have different effects on 
employment between the sample groups. In Table 4.4, the predicted probability of 
being employed for males who have held the university or higher degree 
qualification/technical or vocational degree qualification is increased by 6.4/5.1 
percentage points comparing to those who have no qualifications. For women, the 
predicted probability of being employed for holding the university or higher degree 
qualification/technical or vocational degree qualification is increased by 12.7/8.3 
percentage points comparing to those who have no qualifications. This suggests that 
educational attainment is more important for women than for men in determining 
employment in China. Furthermore, married men are more likely to be employed 
than the base category. But marital status does not have statistically significant effect 
on the probability of being employed for women.
The Impact of SHRS on Employment - Urban versus Rural
The marginal effects for the urban and the rural sample are presented in Table 4.5. 
The result of the likelihood-ratio test of the significance of p0 (H0: p0= 0) rejects the 
null hypotheses of p0» which implies that the estimates of the RE probit model are 
preferred to the pooled probit model for both urban and rural sample. According to 
the RE probit estimates, all the SRHS variables for both urban and rural sample are 
statistically significant at the 1% significance level. However, these positive effects 
for rural sample are smaller in magnitude than those for urban sample. For the urban 
residents, being in excellent and fair health increase the probability of employment 
by 12.5 and 13.0 percentage points relative to the poor health counterparts, 
respectively. In addition, being in good health are 14.0 percentage points more likely 
to be employed than individuals with poor health status. For the rural residents, being 
in excellent, good, or fair health are about 7.3 percentage points more likely to be 
employed than those with poor health status. This result is consistent with 
expectations and suggests that health (as measured by the SRHS) is more important 
in terms of employment for the urban citizens than for the rural residents. As
84See Table 5 in Cai (2010), p. 86.
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discussed earlier, this finding might, in part, be explained by the increasing 
employment pressure in the urban area, plus the fact that a large share of labour force 
in rural area is self-employed.
The predicted probability of being employed for the urban residents, who have held 
the university or higher degree qualification, is 21.3 percentage points higher 
compared to those who have no qualifications. And those with technical or 
vocational degree qualification are also more likely to be employed relative to those 
who have no qualifications. Whereas for the rural residents, the predicted probability 
of being employed for holding the university or higher degree qualification is 
increased by less than 5.0 percentage points compared to those who have no 
qualifications. Therefore, having higher level of qualifications is much more 
important in terms of employment for the urban residents than for the rural residents. 
This probably also a consequence of the nature of employment opportunity between 
the areas discussed in Chapter 3.
The Impact of SHRS on Employment - Young versus Older
Table 4.6 shows the marginal effects for the young (aged 16-45) and the older (aged 
46-59) working-age Chinese population. The likelihood-ratio test of the significance 
of Pq (H0: p0= 0) shown at the bottom of Table 4.6 suggests that the null hypotheses 
of p0 can be rejected, therefore the results from the RE probit analysis are preferred 
to the pooled probit analysis for both young and older sample. According to the RE 
probit estimates, all the SRHS variables for both the young and the older working- 
age Chinese are positive and are statistically significant at the 1% significance level. 
For the young working-age sample, individuals who have excellent health status are 
6.9 percentage points more likely to be employed than those who have poor health 
status; and individuals who have good and who have fair health status are 7.2 and 7.7 
percentage points more likely to be employed than those who have poor health status, 
respectively. For the older working-age sample, individuals who have excellent 
health status are 11.8 percentage points more likely to be employed than those who 
have poor health status; and individuals who have good and who have fair health 
status are 13.8 and 12.0 percentage points more likely to be employed than those 
who have poor health status, respectively. These results suggest that, health, as 
measured by the SRHS, is a relative more important factor in terms of employment
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for the older than for the young working-age Chinese. This finding is consistent with 
that in Cai and Kald (2006) and that in Zhang et al. (2009)85. For example, in Cai and 
Kald (2006), a deterioration of health (from one level to a lower level of health status) 
reduces the probability of labour force participation by 0.5-0.7 percentage points for 
Australian men aged 15-49 (1.6-1.8 percentage points for women aged 15-49), and 
by 4.6-7.0 percentage points for Australian men aged 50-64 (5.8-8.8 percentage
o/:
points for women aged 50-60), respectively .
There are also some differences in the effect of education by age. Young individuals 
with a university or higher degree qualification/technical or vocational degree 
qualification is increased by 4.3/6.6 percentage points comparing to those who have 
no qualifications. For the older working-age sample, the predicted probability of 
being employed for both holding the university or higher degree qualification, and 
holding technical or vocational degree qualification are increased by 10.1 percentage 
points comparing to those who have no qualifications. This suggests that having 
higher level qualifications has less influence on employment for the young than for 
the older working-age Chinese. Recall from Chapter 2 that the Cultural Revolution 
began in 1966, where almost all schools and universities were closed. Although 
schools and universities were reopened in the early 1970s, students spent much of 
their school time studying politics instead of receiving formal education. During the 
time when schools were closed, students were given diplomas although they did not 
receive formal education. In this study, more than 90% of individuals in the older 
working-age group have received degree qualification before the Cultural
on
Revolution. In other words, for the young working-age sample, the marginal effects
o o
for education may be affected by the Cultural Revolution.
Addressing the Potential Endogeneity of SRHS
The IV regression results are shown in Table 4.8. There is a statistically significant 
effect of at least one of instruments on having poor health status for all the sample 
groups. This implies that both instruments, in broader terms, satisfy the non-
85 In Zhang et al. (2009), the larger health effect on labour force participation for older working-age 
group is found only for men (no statistically significant effect for women). However, the coefficient 
estimates are not directly comparable since a different measure o f health is used.
86 See Table 5 in Cai and Kald (2006), p. 254.
87 Assuming people get degree level qualifications at age o f 20.
88 However, further analysis needs to be done in terms of estimating the return for those in school 
during 1966-1970.
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weakness requirement (Morris, 2007), although the instrument, famine, does not 
have a statistically significant effect on having poor health status for men, the urban, 
and the older working-age sample. The area level SRHS is negatively associated with 
individual self-reported health status for all the sample groups.
The top part of Appendix 4.1 shows the impact of the instruments on employment 
when applying SRHS to measure health. Neither of the two instruments (or least one 
of the instruments) has a statistically significant effect on employment for all the 
sample groups, indicating that there is no clear relationship between the instruments 
and the probabilities of being employment. As can be seen from Table 4.8, a Wald 
test this study fails to reject the null hypothesis (H0: p = 0) of exogeneity of SRHS 
for all the sample groups except for women. Assuming the instruments are valid, it 
suggests that for all the sample groups except for women, having poor health status is 
exogenously related to the probability of being employed, and the RE probit 
estimates remain preferable. For women, the bivariate probit estimate is preferable, 
and the marginal effect estimate implies that women who have poor health status are 
about 21.9 percentage points less likely to be employed than those who have better 
health status, which is considerably large (compared to marginal effect estimate 
based on the RE probit).
4.5.2 The Impact of BMI on Employment
Based on the WHO classification and the C-WGOC classification criteria, the 
marginal effects of the impact of BMI on employment from the pooled probit, the 
RE probit and the FE logit models are shown in Tables 4.9-4.12. Moreover, by
OQ
applying the four cutoff points of BMI for overweight , the marginal effects from 
the preferred model (the RE probit model) for all the sample groups are shown in 
Table 4.13. The FE logit estimation results in Table 4.9 show that 11,981 
individuals are dropped since there is no variation in y it over t, leading to a loss of 
27,754 observations of the original 35,791 observations. Similarly, large declines of 
the observations are also found in the FE logit estimates of Tables 4.10-4.12. Table 
4.14a and Table 4.14b show the transition probabilities of BMI categories based on 
the WHO and the C-WOGOC classification, respectively. In both tables, there is 
considerable persistence of BMI categories from wave to wave. For instance, in
89 The overweight used here includes obesity.
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Table 4.14a, 44.1%, 87.3%, 71.8% and 70.9% of those who are underweight, 
normal weight, overweight and obese in one wave also in the same BMI category at 
the next wave, respectively. Recall from Section 4.5.1 that the reliability of the FE 
results might questionable due to the large number of individuals excluded, thus the 
results discussion will not focus on the FE method. The likelihood-ratio tests of the 
significance of p0 (H0: p0= 0) in Tables 4.9-4.12 suggest that the null hypotheses of 
p0 can be rejected, therefore the results from the RE probit analysis are preferred to 
the pooled probit analysis for all the sample groups.
The Impact of BMI on Employment - Total Sample
In Table 4.9 (WHO classification), individuals who are underweight are 1.4 
percentage points less likely than normal weight individuals to be employed, and the 
result is significantly different from zero at the 5% level. Individuals who are 
overweight and who are obese are 1.8 and 2.5 percentage points less likely than 
normal weight individuals to be employed, respectively. The former is significantly 
different from zero at the 1% level, and the latter is significantly different from zero 
at the 5% level. The results indicate that either being underweight or being 
overweight/obese is negatively associated with the probability of being employed for 
the Chinese population. Although the marginal effect estimates of the three BMI 
categories based on the C-WGOC criteria are larger than those using the WHO 
criteria, the changes are small in terms of magnitude. Compared to the result in Table 
4.3, after controlling for BMI the statistically significant and positive effect of the 
SRHS on employment is reduced, implying that BMI accounts for some of the 
influence of SRHS.
The Impact of BMI on Employment - Men versus Women
The marginal effects for men and women are separately shown in Table 4.10. For 
men (WHO classification), being underweight are 2.7 percentage points less likely to 
be employed than those with normal weight, which is significantly different from 
zero at the 1% level. Being overweight or being obese does not have a statistically 
significant effect on employment for men. However, being overweight is negatively 
associated to employment when applying the C-WGOC classification. Overweight 
women (WHO classification) are 2.9 percentage points less likely to be employed
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than normal weight women (significantly different from zero at the 1% level). Obese 
women are 4.3 percentage points less likely to be employed than normal weight 
women (significantly different from zero at the 5% level). However, being 
underweight does not have a statistically significant effect on employment for 
women. The results in Table 4.10 suggest that being underweight is more important 
in terms of employment for men, while being overweight or obese has influence for 
women. This finding is consistent with Johansson et al. (2009) who find that being 
underweight is significantly and negatively associated with employment for Finnish 
men (with a marginal effect of -40.9 percentage points90), while either being 
overweight or being obese is negatively associated with employment for Finnish 
women (with marginal effects of -6.7 and -9.9 percentage points, respectively91). 
Based on the same cutoff points of BMI (C-WGOC classification) as those in Pan 
and Qin (2010), this study finds that either being underweight or being overweight 
has a statistically and negative impact on employment for Chinese women. 
Additionally, Pan and Qin (2010) find that being obese is negatively associated with 
employment for Chinese women (with a marginal effect of -7.5 percentage points).
The Impact of BMI on Employment - Urban versus Rural
The marginal effects for the urban and the rural sample are separately presented in 
Table 4.11. For the rural sample, being underweight is negatively associated with the 
probability of being employed. In addition, overweight rural residents (WHO 
classification) are 1.6 percentage points less likely to be employed than the normal 
weight rural residents. For urban sample, however, none of the BMI categories has a 
statistically significant effect on the probability of being employed. This suggests 
that health, as measured by BMI, is strongly related to employment for the rural 
sample but not for the urban sample. In addition, being obese does not have a 
statistically significant effect on employment for rural residents when applying the 
WHO classification criteria, but it becomes statistically significant (with a marginal 
effect of -2.4 percentage points) when applying the C-WGOC classification criteria. 
As mention in Section 4.2, obesity can be sign of laziness, while being underweight 
is associated with as lack of strength. In rural areas, agricultural (physical work) is
90See Table 10 in Johansson et al. (2009), p. 43.
91See Table 9 in Johansson et al. (2009), p. 42.
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still dominant, therefore rural residents who have unfavourable body shape may be 
more likely to suffer discrimination than urban residents.
The Impact of BMI on Employment - Young versus Older
Table 4.12 shows the marginal effects for the young (aged 16-45) and the older (aged 
46-59) working-age sample. For the young working-age sample, individuals who are 
underweight (WHO classification) are 1.9 percentage points less likely to be 
employed than those who are normal weight, while individuals who are overweight 
or who are obese do not have statistically significant effects on employment. For the 
older working-age sample, only being overweight (WHO classification) has a 
statistically significant and negative effect on employment (with a marginal effect of 
-3.7 percentage points). Being obese does not have a statistically significant effect 
on employment for the older sample when applying the WHO classification criteria, 
whereas it becomes statistically significant (with a marginal effect o f -4.1 percentage 
points) when applying the C-WGOC classification criteria. The results suggest that 
being underweight is a more important influence for the young than for the older 
working-age Chinese population, whereas being overweight is more important for 
the older. This finding is inconsistent with that in Pan and Qin (2010). By splitting 
the total sample into eight age-gender groups, they find some obesity effects for both 
genders in the two young working-age groups, but there is no statistically significant 
effect for both genders in the two older working-age groups.
The Impact of BMI on Employment -using Different Cutoff points of BMI for 
Overweight
Table 4.13 compares the four measures of BMI discussed in Section 4.4.2. For the 
total sample, being overweight is negatively associated with the probability of being 
employed using all the cutoff points of BMI. For men, being overweight does not 
have a statistically significant effect on employment when applying the WHO criteria, 
while it has a statistically significant effect on employment when applying other 
three measures (and the corresponding marginal effects are similar in terms of 
magnitude). For the young working-age sample, being overweight is negatively 
associated with the probability of being employed using both the C-WGOC’s and the 
Tuan et a l (2008)’s cutoff points (again the corresponding marginal effects are 
similar in terms of magnitude), but no effects on employment using the WHO’s and
120
the Bao et a l (2008)’s cutoff points. Table 4.13 also shows that the effect of BMI on 
employment is largely unchanged when comparing alternative BMI classifications 
for Chinese population with using the WHO (international) classification. Therefore 
using the WHO classification of BMI as the prime health indicator is appropriate in 
estimating the relationship between BMI and employment for Chinese population.
The Impact o f BMI on Employment - without versus with Controlling for SRHS
As mentioned in Section 4.2, the effect of body weight on employment can work 
through the health channel and (or) due to the presence of the weight-based 
discrimination. Table 4.15 shows the marginal effects estimates both with and 
without controlling for SRHS. For comparison, the results including the variables for 
SRHS which are presented in the bottom part of Table 4.15 are the same to those in 
Tables 4.9-4.12. The inclusion of SRHS has a small influence on the marginal effects 
of BMI for all the sample groups, suggesting that the relationship between BMI and 
employment reflects discrimination against people who have unhealthy body weight 
in China. This, however, is only true if SRHS completely captures the impact of 
health on productivity is maintained.
Addressing the Potential Endogeneity o f Overweight
The IV regression results are shown in Table 4.16. There is a statistically significant 
effect of at least one of the instruments on overweight for all the sample groups 
except for the urban, and the older working-age sample. This implies that both the 
instruments, in broader terms, satisfy the non-weakness requirement. However, for 
both the urban and the older working-age samples, neither of the two instruments has 
a statistically significant effect on overweightness. Therefore, neither famine nor 
hprotein can be used as a suitable instrument (or suitable instruments when including 
them simultaneously) in examining the potential endogeneity of obesity when 
constrained to these sample groups.
The bottom part of Appendix 4.1 shows the impact of the instruments on 
employment when applying overweightness as a measure of health. Neither of the 
two instruments has a statistically significant effect on employment for all the sample
92 It is worth to note that this robustness test o f using different BMI classifications ignores the cutoff 
points for underweight and obese.
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groups except for the rural and the older working-age sample (which at least one of 
the two instruments does not has a statistically significant effect on employment), 
indicating that there is no relationship between the instruments and employment. As 
can be seen from the Wald statistics in Table 4.16, the null hypothesis (H0: p = 0) of 
exogeneity of obesity cannot be rejected for the young working-age sample but it is 
rejected for men, women, the rural and the total sample. Therefore, assuming the 
instruments are valid, for men, women, the rural and the total sample, being 
overweight is endogenously related to employment, and the bivariate probit estimates 
are preferable. For the young working-age sample, the RE probit estimates remain 
preferable. For men, those overweight are 7.6 percentage points less likely to be 
employed than those with normal weight. For women, being overweight are 14.2 
percentage points less likely to be employed than those with normal weight. Based 
on an IV method, Morris (2007) finds that there is a statistically significant and 
negative relationship between obesity (BMI over 30) and employment for both 
British men (with a marginal effect of -8.4 percentage points) and British women 
(with a marginal effect of 21.3 percentage points). Although the coefficient estimates 
are not directly comparable since Morris (2007) uses different measures of BMI 
category , the result still suggests that the negative effect of BMI on employment is 
larger for women than for men, which is consistent to the finding in Morris (2007).
4.6 Conclusions
This chapter contributes to the literature by examining the relationship between 
health and employment for the working-age population in China. This chapter adopts 
two alternative measure of health one based on self-reported health status and the 
other on BMI which is based on various cutoff points for overweight and obesity, 
respectively.
Besides using the pooled probit model, this chapter also employs both the RE probit 
model and the FE logit to take into account the panel nature of the data and finds that 
failure to control for individual unobserved factors would bias the estimates of the 
effect of health on employment. Comparing with the marginal effects estimates after 
pooled probit, estimates after RE probit are similar in terms of sign but smaller in 
terms of magnitude.
93 The author classifies individuals’ weight as either obese or not obese.
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There is a statistically significant and positive relationship between having better 
SRHS and the probability of being employed for the Chinese working-age adults, 
which is consistent with the international literature. This finding is also in line with 
the target of the Seventeenth National Congress of the CPC on improving the health 
of the whole nation, thereby providing empirical evidence to the policy makers (such 
as government and institutions) in making reasonable and effective health 
improvement policies. The estimated results suggest that any changes among the 
excellent, good and fair health status would not significantly change the probabilities 
of being employed. For example, according to Table 4.3, improving health status 
from poor to fair would increase the employment probability by 8.8 percentage 
points, which is similar to the marginal effect (with a value of 9.0 percentage points) 
of changing from poor to good health status on the employment probability. 
Therefore, further government policy on improving population health should focus 
on individuals who have poor health status. The effect of SRHS on employment is 
larger for men than for women, which is consistent with the finding in Garcia-Gomez 
et al. (2010). As expected, the effect for urban residents is found to be larger than the 
effect for their counterparts. Moreover, the finding suggests that the effect of SRHS 
on employment is larger for the older working-age population than for the young 
working-age population, which is consistent with the international literature.
Having an unhealthy BMI is found to be negatively associated with employment for 
the Chinese population. Although the increase in overweight or obesity in China is 
not as rapid as in USA, UK and Australia, there is a growing trend of overweight and 
obesity in China could have a negative effect on the Chinese labour market. 
Furthermore, controlling for the effect of SRHS only slightly reduce the marginal 
effects of BMI on the probability of being employed, suggesting that there is 
evidence of discrimination against people who have unhealthy body weight in China, 
at least if the assumption that SRHS completely captures the impact of health on 
productivity is maintained. There is a statistically significant and negative 
relationship between being underweight and employment for men. For women either 
being overweight or being obese is negatively correlated with employment. 
Therefore, there is evidence on discrimination against underweight Chinese men and 
overweight/obese Chinese women in employment decisions. Furthermore, while 
either being underweight or being overweight is negatively correlated with
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employment for rural residents, there is no effect on employment for the urban 
sample.
Based on the Wald statistics, this chapter fails to reject the null hypothesis of 
exogeneity of SRHS for all the sample groups except for women. In contrast, the 
Wald tests of exogeneity of overweight suggest that being overweight is 
endogenously related to employment for the total sample, the rural residents and for 
both genders, but not for the young working-age sample. Failure to account for the 
endogeneity of overweight is found to be underestimate its impact on employment in 
China, which is consistent with the finding in Morris (2004) and (2007) based on UK 
data.
There are some shortcomings in this chapter which are worth noting. Firstly, this 
chapter fails to find suitable instruments in addressing the potential endogeneity of 
overweight for the urban or the older working-age sample. Secondly, it is not 
possible to fully test the validity of exclusion restriction for instrumental variable 
estimation. To the author's knowledge there is still no formal test for instrument 
validity for the bivariate probit model. Thirdly, the health measures used in this 
chapter are not without their drawbacks. For example, the nature of self-reported 
health status might introduce justification bias in employment analysis, while even 
the objective BMI measure cannot efficiently distinguish between muscle and fat, 
thereby producing measurement error. Fourthly, the dependent variable used in this 
chapter simply relies on a binary choice, i.e. either being employed or not. On one 
hand, the employment status cannot distinguish self-employed, paid employed, job 
seeking and being out of the labour force. On the other hand, the effect of health on 
hours of work is not captured. For example, being in unfavourable health status or 
BMI category might reduce an individual hours of work, but they may remain 
employed. Accordingly, further analysis in addressing the above issues is needed.
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Chapter 5 Health and Wages
5.1 Introduction
As documented in Chapter 2, China has undergone a dramatic transition from central 
planning to a more market oriented economy since 1978. This process has been 
accompanied by a rapid income growth. In two decades, China has transferred from a 
world’s most populous and extremely poor society to become the fourth biggest 
economy (World Bank, 2006). In the meantime, individuals’ wage income has also 
increased dramatically. It is argued that health human capital played an important 
role in this rapid income growth (Liu, et al., 2004). The previous chapter estimates 
the relationship between health and the probability of employment using the panel 
data from the CHNS, 1991-2006. When exploring the effect of health on labour 
market outcomes, another issue, which is therefore worth considering, is the link 
between health and labour productivity. This has received growing attention in 
developed countries (Currie and Madrian, 1999). Based on the same survey, this 
chapter examines the relationship between health and hourly wage income for the 
Chinese population. It has several key advantages.
The relationship between health and hourly wages is identified in the Grossman 
model in which better health can increase wages through the increase in market 
productivity. Healthy workers are able to do things more efficiently than unhealthy 
workers in a sense that health and the capacity to adequately perform job 
requirements are closely related. A large body of international literature (for example, 
Lee, 1982; Haveman et al., 1994; Contoyannis and Rice, 2001; Cawley, 2004; 
Pelkowski and Berger, 2004; Gambin, 2005; Kline and Tobias, 2008; and Cai, 2009) 
has shown that health has a substantial effect on wages in western countries such as 
Australia, the UK and US. However, only a few Chinese studies provide evidence on 
this (Wei, 2004; Arcand and Labar, 2005; Fan et al., 2008; and Gao and Smyth,
2009). Besides, a comparison of the effect of health on wages between China and 
other countries is rarely considered. Therefore, this chapter serves to provide more 
empirical evidence on the relationship between health and wages for the Chinese 
population. Moreover, compared to Arcand and Labar (2005), this chapter uses data 
from the most recent waves of the CHNS.
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Labour productivity can be defined as the amount of goods and services that a 
worker produces in a given amount of time. Economic researchers often use the 
hourly wage rate as an indicator of individuals’ productivity. Theoretically, more 
productive workers produce more output per hour worked, and are thus paid more by 
employers. Factors that affect individuals’ productivity are thereby also likely to 
affect the wages that employers are prepared to offer them (Forbes et al., 2010).94 In 
examining the relationship between health and labour productivity, this chapter uses 
hourly wage income as an indicator of individuals’ productivity. Sensitivity analysis 
is carried out based on two constructed variables of real hourly wage income, namely 
real hourly wage rate (hrwage), and real hourly wage plus bonuses (hrinc),
The main measures of the health used in empirical analysis have been discussed in 
Chapter l . 95 This chapter employs the same measures of health in the previous 
chapter, which are the self-reported health status and BMI. As mentioned in the 
previous chapter, the prevalence of overweight and obesity in developed countries 
such the UK and US has been well documented. With the changes in diet habits and 
living standards improving substantially, the Chinese have seen their weight 
expanding rapidly over the two decades, which causes a number of problems to 
people’s health and increase the burden on Chinese healthcare system. A journalist 
claimed that “As early as 2002, statistics showed that China had 200 million 
overweight people, 60 million of whom were obese. The Chinese Center for Disease 
Control and Prevention said that from 1992 to 2002, China's overweight rate went up 
by nearly 40 percent and its obesity rate almost doubled.” (China.org.cn, Sept 14, 
2012. Available: http://www.china.org.cn/china/2012-09/14/content 26521029.htm). 
Previous evidence from the Chinese literature conclude that poor health negatively 
reduces wages for the Chinese workers (Fan et al., 2008), and BMI positively 
increases wages particularly for rural and for male workers (Zhang, 2003; and 
Arcand and Labar, 2005).
94 Forbes et al. (2010) argue that using hourly wages as an indicator of productivity requires a number 
of assumptions such as competitive labour market, with perfect information, mobility o f labour, no 
transaction costs and constant returns to scale, some of these might not fully hold in practice. 
Therefore, hourly wages are likely to under or overstate labour productivity, which places limitations 
to studies that use hourly wages to measure labour productivity.
95 See Section 1.1 in Chapter 1.
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This chapter uses the same waves of the CHNS as used in estimating the effect of 
health on employment, that is, wave 1991-2006. These data have a number of 
advantages in this context. As previously mentioned in Chapter 4, the use of the 
panel data facilitates control for individual unobserved factors that might bias the 
estimates. Further two other important issues should be carefully considered in order 
to obtain consistent estimates for the effect of health on wage income, which are 
endogeneity and sample selection bias. The endogeneity of health might arise from 
either the reverse effect of wages on health, or unobserved factors that affect health 
and/or wages. Sample selection bias might arise since wage income is only observed 
for employed workers. Many studies have found that it is important to correct for 
either one or both of these influences in estimating the effect of health on wages such 
as Haveman et al. (1994), Pelkowski and Berger (2004), Jackie and Himmler (2007), 
Cai (2009), and Forbes et al. (2010). This chapter employs a Two Stage Least 
Squares (2SLS) method to account for the potential endogeneity of health, and a 
Heckman (1979) selection correction method allowing for potential sample selection 
bias.
The analysis is carried out for different groups within the population, which enables 
to explore the differences across genders and area of residence (urban/rural) in China. 
In fact, several international studies have estimated the impact of health on wages 
between genders, although the results are mixed due to the different measures of 
health and the data from different countries.
The remainder of this chapter is structured as follows. The next section discusses 
both theoretical and econometric issues in exploring the relationship between health 
and wages. Section 5.3 reviews the results of previous empirical research. Section 
5.4 outlines the empirical models and estimation strategies. A more detailed 
description of the data and variables used in the empirical analysis is then provided 
in Section 5.5. Section 5.6 discusses the empirical results. The last section provides 
the conclusions and suggestions for further research in this area.
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5.2 The Link between Health and Wages
5.2.1 Human Capital Theory
The relationship between health and wages has been extensively examined by 
applied researchers in labour economics (see Section 5.3 for a detailed discussion). 
The effect of health on wages is identified in the Grossman model in which better 
health can increase wages through the increase in market productivity. In Grossman 
(1972b), health, as a component of human capital, is treated as a durable capital stock 
which depreciates over time and can be improved by investment. The demand for 
health is positively correlated to the return to health investment and hence to wages. 
Rationally speaking, healthy workers are able to do things more efficiently than 
unhealthy workers in a sense that health and the capacity to adequately perform job 
requirements are closely related. In other words, poor health not only limits the 
amount of healthy time but also affects the quality of the time available for work 
(Forbes et al., 2010). The literature also offers two additional explanations on why 
poor health reduces workers’ wages (Contoyannis and Rice, 2001; and Cai, 2009). 
One explanation is that employers might discriminate against worker with poor 
health irrespective of their productivity (Johnson and Lambrinos, 1985). The other is 
that workers with poor health are likely to accept lower wages since they could 
obtain other work-related benefits, such as health insurance or flexible working time 
(Mullahy and Sindelar, 1995).
5.2.2 Empirical Issues
According to the literature, there are three major econometric problems associated 
with accurately estimating the returns to health, namely endogeneity, measurement 
error, and sample selection bias.
Endogeneity
The endogeneity of health might arise from the reverse effect of wages on health. 
Some studies refer this endogeneity as ‘simultaneity bias' (Thomas and Strauss, 1997; 
Contoyannis and Rice, 2001; and Cai, 2009). While it is probable that health affect 
wages, wages might also affect health. The direction of the reverse effect of wages 
on health is ambiguous according to theory of health production (Cai, 2009). For
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example, Grossman (1972b) argues that health capital can be maintained and 
improved through investments which depend on both economic resources and time 
available. An increase in the return to health increases the economic input into health 
production, suggesting a positive effect of wages on health. However, Grossman and 
Benham (1974) argue that higher wages leads to individuals being involved in 
heavier market activity and less time input into health production, suggesting a 
negative effect of wages on health. Some researchers employ simultaneous equation 
models to control for the reverse effect of wages on health. For example, Lee (1982) 
proposes a three-stage simultaneous equations model with multiple discrete health 
indicators. The model is a generalized version of the dummy variables simultaneous 
system of Heckman (1978). Based on a cross-sectional sample of American male 
workers, Lee (1982) finds that health and wages are strongly interrelated, that is, 
wages positively affect health and vice versa. It is also found that treating health as 
exogenous overestimates its effect on wages. Haveman et al. (1994) use a 
Generalised Method of Moments (GMM) estimator to account for simultaneity. 
Using panel data on 613 white American males, the results show that there is a larger 
negative effect of ill-health on wages after accounting for endogeneity. However, the 
authors also find that wages do not have a statistically significant effect on prior 
health limitation, suggesting that endogeneity of health does not arise from the 
reverse effect of wages on health.
As well as the reverse effect of wages on health, the endogeneity of health might also 
occur due to the correlation of unobserved factors that affect both health and wages, 
such as time preference, individuals’ genetic endowment, work ethic and attitudes 
towards risk (Contoyannis and Rice, 2001; Pelkowski and Berger, 2004; Forbes et al.,
2010). If the unobserved factors affect both health and wages in the same direction, 
there would be an upward bias in the estimated effect of health when treating health 
as exogenous. Some studies apply fixed effects panel model to correct for individual- 
specific effects such as Pelkowski and Berger (2004), and Gambin (2005). Pelkowski 
and Berger (2004) find that the negative effect of permanent health problem 
decreases for both American men and women after accounting for individual 
unobservable factors. Similar results are also found in Gambin (2005) for both 
genders in most of the 14 European countries. However, one limitation of such 
approach is that the influence of the time-invariant variables such as race cannot be
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identified. Contoyannis and Rice (2001) apply the FE estimator and a RE 
instrumental variable estimator which allows for the effect of time-invariant 
variables to be estimated, but requiring strong exogeneity assumptions to ensure 
consistency.96 The authors suggest that both psychological and self-reported health 
measures are correlated with the time-invariant individual effect.
Measurement Error
The second type of bias is measurement error, which arises from the use of self- 
reported health measures. Since individuals’ awareness of health conditions might 
vary with knowledge, employment, income and health insurance status, therefore 
different individuals with identical health condition may respond differently to the 
same health question (Bound, 1991). Lee’s (1982) empirical strategy also takes into 
account the compatibility of the self-reported health indicator and the objective 
health indicator (heath limitation). Although there is a systematic measurement bias 
in self-reported health, the result shows that self-reported health indicator contains 
valuable information about the unobservable health capital. Much of the literature 
employs IV methods to account for both measurement error and endogeneity of self- 
reported health measures (Lee, 1982; Haveman et al., 1994; and Contoyannis and 
Rice, 2001)
Sample Selection Bias
Since information on wages is only available for individuals in employment, the 
sample used to estimate the wage equation is restricted to the working population. 
This raises the possibility of sample selection bias because the employed people 
might have different characteristics from people who are unemployed or not in the 
labour force, that is, “the unobserved determinants of wages and employment status 
are correlated’ (Cai, 2009, pp. 294-295). The Heckman’s two-stage selection 
method (Heckman, 1979) is used to account for the potential sample selection bias in 
examining the impact of health on wages (Pelkowski and Berger, 2004; and Forbes 
et al., 2010). Pelkowski and Berger (2004) find that the negative effect of permanent 
health problems on wages increases for men but decreases for women after
96 For details see model specification in Contoyannis and Rice (2001), pp. 602-605.
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accounting for sample selection bias. Forbes et al. (2010) conclude that sample 
selection bias is present for Australian men but not for women.
Overall, most studies usually account for at least one of the above econometric 
issues, and/or separately account for those issues using different methods. For 
example, some studies do not account for the reverse effect of wages on health 
(Pelkowski and Berger, 2004; Arcand and Labar, 2005; and Forbes et al., 2010), 
while some do not control for sample selection bias (Lee, 1982; and Haveman et al., 
1994), while others do not control for either of the two issues (Contoyannis and Rice, 
2001; and Gambin, 2005). Arcand and Labar (2005) consider the effect of height and 
BMI on wages by implementing an estimator that simultaneously corrects for 
correlated individual effects and selection bias (Wooldridge, 1995), as well as a 
pairwise differencing estimator that also allows one to account for reverse effect of 
wages on health (Kyriazidou, 1997). They use panel data from the CHNS 1991 and 
1993 and find that once correlated individual effects are controlled for, height and 
BMI do not have a statistically significant impact on wages. Cai (2009) estimates a 
simultaneous equation system of wage and health using both two-stage and FIML 
methods. The author also estimates a model that accounts for the potential sample 
selection bias. The results suggest that endogeneity of health is found to arise from 
measurement error and unobserved factors, and controlling for endogeneity of health 
significantly increases the effect of health on wages. However, Cai (2009) argues 
that simultaneity bias is not an important issue since the wage variable is found to be 
statistically insignificant in the health equation. The author does not find evidence of 
sample selection bias since the error term in both employment and wage equation is 
not statistically significant.
To the author’s knowledge, there is only one exception in this context that is able to 
control for endogeneity and sample selection in one framework. Jackie and Himmler 
(2007) utilize a method proposed by Semykina and Wooldridge (2006) and find 
evidence of sample selection bias for both the female and male German workers. In 
addition, endogeneity tests reject the null of no endogeneity for men but not for 
women. However, Forbes et al. (2010) argue that the methods to account for sample 
selection bias in panel models are still in an experimental stage.
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5.3 Literature Review
5.3.1 Evidence from the International Literature
The Impact of Self-reported Health, Illness or Disability on Wages
Based on statistical analysis, Davis (1972) uses a sample of 1,583 middle aged (45- 
54) American males which is drawn from the first wave (1966) of the National 
Longitudinal Survey (NLS) to examine the relationship between health and earnings. 
The author defines the respondents’ earnings as the total receipts from wages, 
salaries, commissions and tips in 1965. The health measure is based on a survey 
question which asks respondents whether or not their health or physical condition 
affects their work either in terms of work type or in terms of the amount of work. If 
the answer is affirmative, respondents are defined as disabled. Statistical results show 
that disabled males have lower earnings and work lower annual working hours 
comparing to healthy males. Davis (1972) also finds that healthy males report their 
hourly wage rates approximately 10 percent higher than their disabled counterparts.
Luft (1975) employs Ordinary Least Squares (OLS) to examine the impact of health 
on labour market outcomes for American adults using data from the Survey of 
Economic Opportunity (SEO), 1967. In order to explicitly explore the impact of 
health status on labour market behaviours, nine dependent variables are generated, 
where three are used to measure labour force participation, four are used to measure 
wages and two are used to measure the amount of time spent at work. Two of the 
four wage indicators are total earnings (the sum of wages and income from business 
and farm self-employment) in the last year and in the last week, respectively. The 
other two wage indicators are constructed on the basis of reported hours of work: a 
Tast year basis’ weekly earnings and a ‘last week basis’ hourly wage rate. Based on 
five self-reported health limitation questions from the SEO, ‘well’ indicates 
individuals who report no health limitations at all, and ‘sick’ defines individuals who 
report any of the health limitations. The results confirm that labour force 
participation, wages and working time are all negatively affected by reporting ‘sick’ 
health status, and these negative effects are larger for women than for men.
By using the same survey as Davis (1972), Lee (1982) investigates the simultaneous 
effects of health and hourly wages for 2,876 (aged 45-59) males. Based on a
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minimum — x 2 principle, a three-step procedure is proposed for estimating a 
simultaneous equation system with multiple ordered polychotomous health indicators. 
One health indicator is based on the individual’s self-evaluation of health, and 
another health indicator is related to health limitations. The results demonstrate that 
health and wages are strongly jointly dependent, and confirm the findings in the 
literature (for example, see Grossman and Benham, 1974) that health effect on wages 
would be understated if health is treated as an exogenous variable. Furthermore, the 
author also finds that individuals with different race or education levels have 
different perceptions about their health.
Haveman et al. (1994) examine the relationship between wages, working time, and 
health in a sample of 613 employed white men from the Michigan Panel Study of 
Income Dynamics (PSID) 1976-1993 through estimation of a 3-equation 
simultaneous model. This study adopts a Hansen’s generalized method of moments 
method to capture the time dependent nature of these interrelationships. The health 
indicator in this study, i.e. a categorical self-reported health measure, is drawn from 
two questions in the PSID. The first question asks an individual whether or not he 
has a physical or nervous condition that limits the type of work or the amount of 
work he can do. If the individual responds yes, then he will be asked if the condition 
influences his work a lot, somewhat, a little, or does not influence at all. Although
0 7the findings, which confirm the prediction in Grossman (1972b) , show that age is 
associated positively and significantly with health limitations, working time (annual 
working hours) does not appear to be associated with health limitations. Haveman et 
al. (1994) conclude that prior health limitations negatively and significantly affect 
both hourly wages and working hours.
In studying the effect of self-assessed health and psychological health on hourly 
wages between genders, Contoyannis and Rice (2001) draw on panel data from the 
first six waves of the BHPS, involving a sample of 1670 individuals (859 males and 
811 females). The BHPS was conducted annually and the first wave of the survey 
began at 1991. Self-assessed health is based on a question which asks individuals to 
assess their health using five health levels: very good, good, fair, poor, and very poor.
97 The first prediction of the Grossman Model states that ‘if the rate of depreciation increases with age, 
at least after some point in the life cycle, then the quantity of health capital demanded would decline 
over the life cycle ’, see Grossman (1972b), p. 247.
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The authors combine the last two responses into one level, therefore the original five 
health levels are reduced to four: very good, good, fair, poor/very poor. Another 
health indicator, psychological health, is derived from a General Health 
Questionnaire (GHQ) by applying Likert scale method (a score of zero indicates the 
best psychological status whereas a case of three indicates the worst outcome). In 
addition, Contoyannis and Rice (2001) exploit various econometric methods which 
involve OLS, General Least Squares (GLS), single equation fixed effects and random 
effects instrumental variable estimators to estimate a modified Mincer wage equation 
where the logarithm of an individual’s hourly wages is function of a number of 
individual time-variant (e.g. age and health) and time-invariant (e.g. ethnicity and 
qualifications) regressors. They find that decreasing psychological health status leads 
to a fall in men’s wages. However, for females there is a statistically significant and 
positive impact of excellent self-assessed health on their wages. In addition, the null 
hypotheses of exogeneity of health cannot be rejected for both genders.
Pelkowski and Berger (2004) distinguish between temporary and permanent illnesses 
to investigate the impact of health problems on labour market outcomes (including 
hourly wages and annual working hours) using panel data from the American Health 
and Retirement Survey (HRS). Estimation approaches include OLS, fixed effects and 
Heckman selection correction method, where the last two methods are used to 
control for unobserved heterogeneity and to account for -sample selection bias, 
respectively. Furthermore, the measurement of health in this study includes two 
dummy variables indicating temporary and permanent health conditions, respectively. 
It refers to a survey question which asks individual whether the illness is temporary 
(lasts three months or less) or permanent. They find evidence that permanent health 
conditions have a statistically significant and negative effect on average hourly 
wages, whereas temporary health conditions have no statistically significant impact 
on hourly wages or working hours. Furthermore, male workers are shown to suffer a 
larger decrease in working hours, while female workers seem to bear a bigger fall in 
wages.
Gambin (2005) investigates the impact of health on hourly wages by using a sample 
of employed adults from up to eight waves of the ECHP and a Mincer-type empirical 
model. Various estimation techniques, which include pooled OLS estimation, the
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random effects and the fixed effects panel estimators, are applied to unbalanced 
panels from 14 European countries (1994-2001). This study involves two health 
indicators: four-levels of self-assessed health status and an indicator of chronic 
disease. The measurement of the first health indicator in this study is the same as that 
in Contoyannis and Rice (2001). The second health indicator refers to whether an 
individual has a chronic physical or mental health problem, illness or disability. 
Gambin (2005) concludes that individual wages are statistically affected by health in 
a number of European countries. The author uses i) the ratio of the male to female
98marginal effects of the health variables ; and ii) the difference between male and 
female marginal effects, to compare the health impact on wages between genders. 
The results show that the effect of self-assessed health on wages for males is larger 
than for females in most countries, whereas the effect of chronic disease or disability 
on wages is larger for females than for males. Overall, the greatest gender differences 
exist in France, Portugal, Spain and UK.
Based on the third wave of the HILDA survey, Cai (2009) studies the effect of health 
on hourly wages of Australian male adults by estimating the simultaneous equation 
model of health and wages. The estimation methods involve the two-stage method 
and the full information maximum likelihood (FIML) method in order to account for 
the endogeneity of health. Furthermore, the health indicator of this study is a three- 
level self-reported health status which is drawn from a health question in the self­
completion questionnaire of the HILDA. The question asks individuals to describe 
their health using five health levels: excellent, very good, good, fair and poor. 
Because the number of observations in excellent, fair and poor group is insufficient, 
the author reduces the original five health levels to three health levels which are 
excellent/very good, good, and fair/poor. The results show that better health has a 
significant and positive effect on wages. The results also demonstrate that treating 
health as an exogenous factor underestimates its effect on wages, although the 
reverse effect of wages on health is insignificant. The author further finds that the 
endogeneity of health is mainly caused by unobserved factors which have an 
opposite effect on health and wages.
The Impact of Height, Weight and Nutrition on Wages
98 Gambin (2005) only applies these ratios when the coefficient estimates for both males and females 
are statistically significant.
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Thomas and Strauss (1997) study the influence of various indicators of health on 
wages across gender and employment position" in urban Brazil. These indicators 
include height, BMI, and two measures of nutrient intake (per capita calorie intake, 
and per capita protein intake).100 The analysis applies instrumental variables to a 
sample of 16,169 working men and 17,925 working women aged 25-50, from the 
Estudo Nacional da Despesa Familiar (ENDEF), 1974-1975. In this paper, BMI and 
nutrient intake are treated as endogenous variables. Instruments are ten relative food 
prices, and non-labour income of an individual and other household members. Three 
major findings are as follows: firstly, height significantly and positively associated 
with wages for men (the effect in the self-employed sector is bigger than that in the 
market sector), and only for women in the market sector; secondly, BMI is a 
statistically significant and positive predictor of wages for males (again the effect on 
self-employed men is bigger than the effect on male market-workers), but not for 
females; and thirdly, the nutrient intake, that is, both per capita calorie intake and per 
capita protein intake, have a statistically significant and positive effect on wages for 
both male and female market-workers, but not for male or female self-employed 
workers. This paper also finds that after controlling for calorie intake, BMI and 
height, additional protein has a greater return at high level of intakes, reflecting a 
return to higher quality diets.
In studying the effect of weight on career payoffs (in the forms of personal income 
and occupational positions), Haskins and Ransford (1999) examine data from 306 
female employees working in a large American aerospace organization in 1988. 
They adopt three measurements of weight namely ‘objective weight’, ‘subjective 
weight’, and ‘entry weight’. The primary measure of weight is the ‘objective weight’ 
which is based on the respondent’s self-reported weight, height, and frame size. This 
study uses Metropolitan Height-Weight Tables 1983 as the ideal weight standard and 
defines three weight categories which are overweight, slightly overweight, and ideal 
weight or underweight101. Both ‘subjective weight’ and ‘entry weight’ are considered
99 The employment positions are distinguished between those who work in the market sector and those 
who are self-employed. The authors list two reasons o f examine differences across sectors, see pp 177 
in Thomas and Strauss (1997).
100 This paper points out that utilizing per capita calorie intake and per capita protein intake of 
household members as measures o f nutrient intakes could cause measurement error due to difficulty in 
measuring nutrient intakes at the individual level.
101 Overweight indicates that respondent’s is 10% or more over the upper limit o f the ideal range in 
the Metropolitan Table. Slightly overweight indicates that respondent’s is 1% and 9.9% over the
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as the alternative measures of weight. The ‘subjective weight’ is drawn from a 
survey question in which individuals were asked to define their weight as overweight, 
slightly overweight, just right or underweight. To make sense of causal time order 
that weight is antecedent and affects occupational status, ‘entry weight’, is included 
in the analysis. It is based on a survey question in which individuals were asked to
1 0 9report their weight at the time they entered the organization. The regression results , 
which mainly focus on the effect of primary weight on career payoffs, confirm most 
of their hypotheses . Firstly, weight negatively and significantly affects income 
among females, but only in entry-level professional and managerial position104. 
Secondly, weight has a negative and significant effect on occupational positions, 
especially so in traditionally male-dominated occupations, but not so in ffontstage 
occupations (or jobs involving outside contact). The subjective weight and entry 
weight findings are very similar to the objective weight findings except that 
subjective weight has no effect on income. The results also confirm that weight 
based stratification occurs not only in the general society but also occurs in the inner 
workings of workplace organizations. Haskins and Ransford (1999) further point out 
that their study fails to provide comparisons across genders and different 
organizations.
Cawley (2004) explores how the impact of body weight on hourly wages differs by 
gender and race for the American population. Various estimation strategies are 
applied to a balanced panel data from the National Longitudinal Survey of Youth 
(NLSY) in order to take into account the potential endogeneity of weight, including 
pooled OLS, fixed-effects and instrumental variables. This study involves three 
weight indicators: continuous measures of BMI and weight in pounds (controlling 
for height in inches); and a category variable for clinical BMI classifications: 
underweight (a BMI below 18.5), overweight (a BMI of 25 to 30), obese (a BMI
upper limit o f the ideal range in the Metropolitan Table. The last category indicates respondent’s 
weight is within or below the ideal range in the Metropolitan Table.
102 Unfortunately, the authors do not give much detail on their empirical strategies.
103 Haskins and Ransford (1999) propose three hypotheses: a) incomes and occupational positions o f  
females who are at or below their desirable weight will be higher than o f those who are overweight, 
after controlling for other human capital factors; b) weight will be significantly related to the career 
payoffs for females whose job involves contact outside the organization; c) weight will be 
significantly related to the career payoffs for women who are in male-dominated occupations.
104 The authors create four dummy variables for occupational position: upper-level professional (or 
managerial) position, entry-level professional (or managerial) position, clerical position and blue 
collar position.
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above 30) and healthy weight (a BMI of 18.5 to 25), where the healthy weight is the 
reference category. The author uses the BMI of a sibling (controlling for age and 
gender of the sibling) as an instrument which is assumed to be strongly correlated 
with the respondent’s BMI and uncorrelated with the wage residual of the respondent. 
The results show that weight affects wages negatively for white females. However, 
the negative relationship between weight and wages for other gender-race groups is a 
consequence of unobserved heterogeneity. In addition, the null hypothesis of the 
exogeneity of weight is rejected only for white women.
Brunello and D’Hombres (2007) estimate the effect of BMI on hourly wages across 
gender and geographical region in nine European countries, using a pooled sample of 
adults aged 18-65 from the ECHP 1998-2001. The authors use self-reported 
measures of height and weight to calculate the BMI. The BMI of a biological family 
member105 is used as an instrument for the respondent’s BMI and they find evidence 
that the negative impact of BMI on wages is larger for men than for women (a 10% 
increase in mean BMI decreases the real hourly wages by 3.27% for men and 1.86% 
for women, respectively). Moreover, comparing the difference between southern 
(Greece, Italy, Portugal and Spain) and northern Europe (Austria, Belgium, Denmark, 
Finland and Ireland), the effect is larger for southern Europe than for northern 
Europe.
Kline and Tobias (2008) examine the effect of BMI on hourly wages in a sample of 
4343 native British people (2,561 men, and 1,782 women) aged 29-30 from the 1970 
British Cohort Study. They let the BMI variable to enter the log hourly wage 
equation nonparametrically and propose a Bayesian posterior simulator for fitting a 
standard two-equation model that allows for skew in the BMI distribution. Similar to 
Cawley (2004) and Brunello and D’Hombres (2007), this study applies the 
instrumental variables method and uses the BMI of a biological family member 
(parent BMI) as a source of exogenous variation. Three clinical classifications of the 
BMI in this study are normal BMI (18.5-25), overweight BMI (25-30) and obese 
BMI (30+). The presence of nonlinearities in relationship between BMI and wages is 
confirmed by this study. In addition, Kline and Tobias (2008) find evidence that
105 A biological family member is defined as a parent, sibling or child. Brunello and D ’Hombres (2007) 
average out all available BMIs in a case that individuals have more than one family member. For 
example, when an individual has two siblings and three children, the authors take the unweighted 
average o f the average BMI o f the siblings and the average BMI of the children.
158
British men receive smaller wage penalties for increases in BMI than British women 
receive when they are in the normal BMI range. However, overweight and obese 
males receive relatively large penalties for increases in BMI compared to the 
overweight and obese females, respectively.
Gregory and Ruhm (2009) use data from the 1986 and 1999-2005 Panel Study of 
Income Dynamics to examine the effect of BMI on wages of men and women aged 
25-55 in United States. In this study, BMI ranges from 20 to 40. Two strategies are 
included: a semi-parametric strategy and an instrumental variable strategy. The semi- 
parametric estimates show that female earnings peak at levels considerably below the 
clinical classification of overweight or obesity. The findings also illustrate a 
moderately flat BMI-wage relationship for males where wages are maximized in the 
early overweight category. The results of the instrumental variables estimates for 
both genders are consistent with that of the semi-parametric estimates for females.
5.3.2 Evidence from the Chinese Literature
Wei (2004) uses data from the CHNS 1993 to examine the effect of health on non- 
agricultural employment and wages in rural areas. Based on six questions in the 1993 
physical examination questionnaire106, the author applies the Two-factor Varimax 
Rotation Method to obtain two health indicators: Physiological Factor and 
Psychological Factor. Furthermore, this study adopts the same Heckman selection 
correction method as utilized in Pelkowski and Berger (2004) to control for the 
sample selection bias. Wei (2004) concludes that having better health has a 
statistically significant and positive effect on non-agricultural labour force 
participation in rural area. However, health does not have a statistically significant 
effect on wages.
Using the self-reported health indicator, Fan et al. (2008) investigate the effect of 
poor health on wages of 2,519 Chinese adults (aged 20-64). The data is drawn from 
the Chinese Health and Family Life Survey (CHFLS). The self-reported health 
indicator is a dummy variable which takes value 1 for poor health status and 0 for 
healthy individuals. This study exploits a propensity score matching method to 
address the endogeneity of health and sample selection bias in estimating an average
106 China Health and Nutrition Survey Questionnaire 1993. Available: ■ 
http://www.cpc.unc.edu/proiects/china/data/questionnaires.
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treatment effect model107 of poor health on wage losses. The authors find evidence 
that poor health status causes an 11% reduction in wages.
On the basis of household rather than individual level data, Zhang (2003) uses a
sample of 460 households from the China Credit and Poverty Survey, to investigate
the impact of health on farming productivity. This study exploits various health
indicators, including SRHS, ADLs, chronic disease, the number of working days (in
a month) loss due to illness, height, BMI, calorie intake and Desirable Dietary 
108Pattern (DDP) score . By employing an IV method on a family production function, 
Zhang (2003) finds evidence that for the rural low-income family, both BMI and 
calorie intake have significant and positive effect on farming incomes, while illness 
negatively affect farming incomes.
By using the same panel dimensions of CHNS as Benjamin et al. (2003), Liu et a l 
(2008) examine how household income is affected by the health of individual 
household members. The health indicator used in this study is the same self-reported 
general health measure as used in Benjamin et a l (2003). The household income is 
calculated as the sum of all market and non-market earnings across the household.109 
By employing pooled OLS estimation and a dummy variable variant of individual- 
level fixed-effects approach, this study concludes three major findings. First, better 
health has a significant positive effect on household income for the whole sample, 
although this relationship is less pronounced in the individual-level fixed-effects 
estimation. Second, there is no obvious evidence of gender differences on the health- 
household income relationship. Third, the statistically significant and positive 
relationship between health and household income is far more remarkable in rural 
areas, especially in the individual-level fixed-effects estimation. The authors also 
point out the shortcomings of this study. Their estimates provide a lower bound for 
the impact of health on individual income, since household members can jointly 
engage in various compensatory reallocation of labour supply in response to
107 Both the model and methodology are proposed by Rosenbaum and Rubin (1983).
108 In these eight health indicators, six are individual level indicators except for the last two. The 
author uses the weighted average method to convert those six individual level indicators into 
household level indicators.
109 Liu et al. (2008) divide the total annual household income into market and non-market groups. The 
market group includes: wage income, home gardening income, collective and farming income, raising 
livestock income, fishing income and business income. The non-market group includes: food coupons, 
housing subsidy, childcare subsidy and other income subsidies.
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individual health shocks. In addition, the results, to some extent, are affected by the 
subjective nature of the self-reported health indicator.
Arcand and Labar (2005) explore the impact of height and BMI on hourly wages for 
Chinese working men using panel data from the CHNS, 1991 and 1993. They adopt 
a method which is proposed by Wooldridge (1995) to control for both unobserved 
individual heterogeneity and sample selection bias. Furthermore, they also employ an 
IV pairwise differencing estimator proposed by Kyriazidou (1999) to account for 
endogeneity of health. The results show that neither of the two health measures has a 
statistically significant effect on wages for the Chinese working men aged below 27, 
whereas for those aged above 27, both BMI and height have a statistically significant 
and positive effect on wages.
Gao and Smyth (2009) study the impact of height (measured in centimetres) on 
hourly wages using a sample of 6,546 male adults and 4,966 female adults from the 
China Urban Labour Survey, 2005, through the estimation of a Mincer earnings 
function. Two estimation techniques which involve OLS and two-stage least squares 
(TSLS), are applied to data on individuals from twelve Chinese cities. Overall, height 
is positively and significantly correlated with wages for both men and women. Both 
the OLS estimates and the TSLS estimates imply that there are considerable returns 
to investment in health capital. Their findings also confirm previous work that the 
effect of height on wages using OLS method is much larger than that using TSLS 
method.
5.4 Model and Methodology
In examining the impact of SRHS on wages, this study implements pooled OLS, 
random effects (RE) and fixed effects (FE) techniques to estimate a modified 
Mincerian Wage Model. In addition, the analysis adopts a Two Stage Least Squares 
(2SLS) method to account for the potential endogeneity of health, and a Heckman 
(1979) selection correction method allowing for the potential sample selection bias 
discussed in the above section. The specification on these methods draw heavily on 
Heckman (1979), Contoyannis and Rice (2001), Gambin (2005), Cameron and 
Trivedi (2009), and Greene (2012).
Pooled OLS, RE and FE Estimators
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The modified Mincerian Wage Model which is derived from Gambin (2005) is as 
follows:
Wit = Yo + Yihu + Y2^ut + v iit, i =  1 ,- , n , t  = 1, ...,T  (5.1)
where, i = individuals,
t = time periods, that is, CHNS 1991, 1993, 1997, 2000, 2004 and 2006, and 
for each i , t =  1, ...,T  (T<=6),
Wit = the logarithm of real hourly wage income,
hit = a discrete measure of individuals’ health (SRHS and BMI, respectively), 
eiit = a vector of explanatory variables which are assumed to be exogenous, 
y0 = a constant term,
y^and y2 = coefficients, and y1 is a measure of the effect of health on wages to be 
estimated,
v iit = a disturbance term, assume v l i t ~ N (0, 0 ^ ) .
Like cross-sectional OLS, pooled OLS also relies on a between comparison as all 
observations on all individuals are pooled across time. Therefore, in the pooled OLS 
model, it is assumed that the disturbance term Vm is uncorrelated with the 
explanatory variables hit and el i t . Similar to the previous chapter, cluster-robust 
standard errors are used to correct for error correlation over time for a given 
individual.
Given the panel nature of the data, equation (5.1) can be written as follows:
Wit = Yo + Y ihit +  Y2eiit + at + Vu* (5-2)
where, cti = random individual-specific effect, i.e. a time-invariant disturbance term, 
rjit = a time-varying (or idiosyncratic) disturbance term.
In the RE model, it is assumed that both the individual effects a* and the time- 
varying error T)it are uncorrelated with the explanatory variables hitand eit. The strict 
exogeneity assumption can be stated as E(r/jt |hj, e^, a{) = 0, and the orthogonality 
assumption (the orthogonality between the individual effects and the explanatory 
variables) can be stated as E{ai\hi,e1i) =  E(crj) =  0. Estimation is then performed 
by a feasible generalized least-squares (GLS) estimator. Efficiency of RE requires 
that conditional variances are constant and the conditional covariances are zero, that 
is, E(rjft \hi, e-^) = &rj and ^(j]ita i\hi>eii) =  0. In addition, homoskedasticity
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assumption on the unobserved effect i.e.E(af |/ij, = crj, is required. The RE
model yields estimates of all coefficients even those of the time-invariant 
explanatory variables and it is more efficient than the pooled OLS model. However, 
a major limitation of the RE estimation is that the random disturbance term 
associated with each cross-sectional unit is assumed to be uncorrelated with any of 
the other explanatory variables. As argued by Gambin (2005), this assumption is 
somewhat unrealistic and failure of this assumption will lead to biased estimates.
In the FE model, the time-varying disturbance term rfot is assumed to be uncorrelated 
with the explanatory variables h it and e l i t , while the time-invariant disturbance term 
cti is allowed to be correlated with h it and el i t . Such assumption allows a limited 
form of endogeneity. In other words, the FE model helps to control for omitted 
variable bias only when the omitted variables are time-invariant. It also implies that 
RE estimates will be inconsistent if the FE model is appropriate. Therefore, it is 
possible to consistently estimate the coefficients for the time-varying regressors by 
eliminating the individual effects a t.
According to the equation (5.2), the average W;t of overtime yields:
w t = Yo + Y\hi + Y2^ii + +  Vi. (5-3)
Then subtracting this from W;t in equation (5.2) yields the within model:
CWit -  wt) =  Y i ( h it -  hi) + y 2(eu t ~ eu ) +  0 lit ~ Vi). (5.4)
This is the third method adopted in this study. The FE estimator is the OLS estimator 
of the within model which yields unbiased and consistent estimates as N and/or 
T -» oo even under the presence of the limited form of endogeneity, because the fixed 
effect a; has been eliminated. However, the drawback of the within model is that the 
coefficients of time-invariant explanatory variables cannot be identified. Hence, in 
this study, the effect of gender and region of residence cannot be estimated by the FE 
estimator.
This chapter employs a standard Hausman test (Hausman, 1978) to compare the FE 
and the RE estimators. Under a strong assumption that RE estimator is fully efficient, 
the null hypothesis is that the individual effects are uncorrelated with the explanatory 
variables, i.e. the RE model is consistent. Pooled OLS estimates will be consistent if 
the RE model is appropriate but will be inconsistent if the FE model is appropriate.
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The Hausman test compares only the coefficient estimates of the time-varying 
explanatory variables using the FE and the RE estimators. The test statistic is given 
as:
H  =  (.Yre ~  Yf e ) ' ( cov  Yfe ~  c o v  Yr e ) 1(? re ~  Yf e )> (5.5)
where, yRE = a vector of RE estimates without the coefficients of the time-invariant 
explanatory variable,
Y pe = a vector of FE estimates.
It has a chi-squared asymptotic distribution with K degrees of freedom, x 2 (K) , 
where K is the number of coefficients.
The 2SLS Estimator
The fundamental assumption for consistency of pooled OLS is that the disturbance 
term v^ t is uncorrelated with the explanatory variables (both hit and eut). When hjt 
is endogenous, it will be correlated with the disturbance term v l i t , hence leading the
pooled OLS estimates to be biased. To account for potential endogeneity of health in
a wage determination equation, this study employs the 2SLS estimator by adding a 
health determination equation. The model is as follows:
Wit = Y3 + r*hftSLS +  Yseiu + v2it (5.6)
h2u LS = Ye + Y?uu + Ye^ut +  v3it (5-7)
where, for simplicity, the analysis now consider health following Cai (2009). 
Therefore, hftSLS = a continuous measure of individuals’ health,
uit = a vector instruments that are correlated with hffLS but not
with v 2it,
y 3 and y 6 = a constant term, 
y4> y 5, y 7, and y 8 = coefficients, and the coefficients of interest is y4, 
v 2it and v 3it = two disturbance terms.
To obtain a consistent estimator, it is assumed that Cov[iqt, hj?LS\ £ 0, Cov[u;t, v2a\ 
— 0, and Cov[iqt, v3it] = 0. In other words, the 2SLS method requires at least one 
instrument that determines health (belongs in the health equation), but that does not 
influence wages (does not belong in the wage equation). If the number of instruments 
exceeds the number of endogenous variables, the model is over identified.
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The first stage of the 2SLS method is to estimate Equation (5.7) using pooled OLS 
and obtain consistent estimates for the reduced form coefficients, indicated as y&y?, 
and f 8. With these estimates, predicted values of health can be obtained as,
hftSLS =  Ye +  ? 7 « t t  +  Yseut  ( 5 - 8 )
A F test is used to test the joint significance of the coefficient of instruments. If the F 
statistic is significant, the instruments have significant explanatory power for health 
after controlling for the other explanatory variables.
In the second stage, endogenous health hffLS is replaced by predicted health hffLS to 
estimate Equation (5.6) using pooled OLS. The formula for the 2SLS estimator is
Cov( h2Lt LS,Wit) 
given by f 25L5 =  ( 2SLS v
Cov[hit ,hit)
A Durbin-Wu-Hausman (DWH) test is used to test for endogeneity of health by 
comparing the pooled OLS and the 2SLS estimates. Rewrite the Equation (5.6) with 
an additional variable, v 3it,
Wit =  73 + 7 A ? “  + Yseut + Y9V3U + v2it (6.9)
Recall that v 3it is the disturbance term from Equation (5.7). The null hypothesis of 
exogeneity of health, H0:y9 = 0 indicates E(y3itv 2it\h itLS,e 1it) =  0. Since v3it is 
not directly observed, the residuals v 3it is instead substituted from Equation (5.7). 
Then,
Wit =  73 + Y*hftSLS + Yseut + Y9V3U + v2it (6.10)
If health is endogenous, the 2SLS estimator is consistent whereas the pooled OLS 
estimator is inconsistent. If there is no endogeneity, both estimators are consistent 
but the 2SLS estimator would be less efficient than the pooled OLS estimator.
It is possible to test the validity of instruments in an over identified model by using a 
Sargan-Hansen test. The joint null hypothesis is that the instruments are valid 
instruments (i.e. uncorrelated with the error term), and that the excluded instruments 
are correctly excluded from the wage equation. For the 2SLS estimator, where the 
cluster-robust standard errors are used to correct for error correlation over time for a 
given individual, the test statistic is Hansen J statistic. The Hansen J statistic is 
calculated as N*R-squared from a regression of the 2SLS residual ft2it on the full set
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of instruments. Under the null hypothesis that all instruments are valid, the Hansen J 
statistic has an asymptotic chi-squared distribution with degrees of freedom equal to 
the number of over identifying restrictions, where the number of over identifying 
restrictions is the number of instrumental variables minus the number of endogenous 
variables.
The Heckman Sample Selection Estimator
The Heckman sample selection model combines a selection equation (employment 
equation) and an outcome equation (wage equation), which are similar to Equation 
(4.1) in Chapter 4 and Equation (5.1) in this chapter, respectively. Simplifying the 
two equations gives:
where xft indicates the other explanatory variables affect employment. Besides the 
variables which has been used in Chapter 4 (x;t ), xft also includes an exclusion 
restriction. The estimation with exclusion restrictions requires variables in the 
selection equation that are not in the outcome equation and vice versa. In other words, 
excluded variables should have impact on the probability of being employed but does 
not directly affect wages and vice versa. More detail regarding on the exclusion 
restrictions is discussed in the next section.
The sample selection bias arises because the disturbance term 4 fit in the wage 
equation is correlated with the disturbance term £pit the employment equation, 
which leads to inconsistent estimates. Heckman (1979) states that sample selection 
bias can be approached as an omitted variable bias. Assume £git — (0,1) ,
viit ~N (0, <7v), and Cov(£ojt, v[it) = p2, the expected wage condition upon the 
individual to be employed is given by:
l i fy*t = PZhi t +P!x?txft + 4 it >  0. (5.11)
0 otherwise
and
Wit = Y o +  r ih i t  + r i e u t  + v l it (5.12)
E(wit|y;£ > 0) = E(ythu + rieut + Vut \Pohu + Pl4t + 4u  > °) (4-13)
rik t + rieut + + p\4t + 4u > o)
= Y{hit + r \ e lit + EO i,t |£ojt >  -  Pi\hit -  P lxft )
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If the disturbance terms £Qit and v [it are independent, then E(vf it) = 0 and OLS will 
give consistent estimates. However, when they are correlated, a correction for 
selection bias needs to be included. Following Heckman (1979) and Greene (2012),
where Xit{ -  psQhit — p\xsit) is the inverse Mill's ratio (IMR), Ait(— psQhit — =
Following Pelkowski and Berger (2004), the selection model is estimated by 
maximum likelihood (ML). Cluster-robust standard errors are used to correct for 
error correlation over time for a given individual. A Wald test of the significance of 
p2 (H0: p2= 0) compares the pooled OLS and Heckman sample selection method. If 
p2 = 0, the pooled OLS parameter estimates would be appropriate. If p2 =£ 0, there is 
evidence of sample selection bias, and the Heckman sample selection method should 
be used.
5.5 Data and Variables
5.5.1 Sample Construction
The data used in examining the relationship between health and wages comes from 
the same waves of the CHNS (1991-2006) that are used in the previous Chapter. The 
total working-age sample used in Chapter 4 contains 40,723 observations from 
15,275 individuals pooled across the six waves, where 88% are currently in work.
According to the CHNS there are seven sources of individual income: non-retirement 
wages, collective and household gardening, collective and household farming, 
raising livestock or poultry, collective and household fishing, small handicraft and 
small commercial household business, and retirement wages.110 However, it is 
important to note that only 38% of those in work report non-retirement wages. This 
analysis retains individuals who have positive wages income, leaving 13,712 
observations from 7,298 individuals across the six waves.
110 For details, see:
http://www.cpc.unc.edu/proiects/china/data/datasets/Individual%20Income%20Variable%20Construct 
ion.pdf. [cited 15th Aug 2012].
E O i i t l £o;t >  -  Pohu ~ P lxslt) = p2aVlXiti -  -  Plx fJ (5.14)
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As discussed in Chapter 3, the low response rate of the wage income is mainly due to 
the low response rate from people who engage in agricultural work and/or who are 
self-employed. In terms of the distribution of the occupational status, half of the 
employed sample are agricultural workers, whereas only 4% of these agricultural 
workers report their source of income is from (non-retirement) wages. Instead of 
receiving non-retirement wages, more than 85% of the Chinese agricultural workers 
report their individual income is from one or more than one of the other sources, 
including gardening, farming, raising livestock, fishing and household business. In 
the case of the self-employed workers (which account for 59% of the employed 
sample) instead of receiving non-retirement wages (7%), 82% report their income is 
from one or more than one of the other sources. Moreover, recall from Chapter 4 that 
there is a close link between the agricultural work and self-employment.111 Wang and 
Cai (2008) also argue that the wage structure of the self-employed workers might be 
different from that hired workers. For people who are currently in work but are not 
agricultural workers or self-employed, 85% report their pay. Therefore, this chapter 
further excludes observations who are either agricultural workers or self-employed 
who have positive wage income (which account for 19% of the employed sample 
who have positive wage income). The total sample used in the wage analysis 
involves 11,115 observations from 5,997 individuals across the six waves. Separate 
analysis is undertaken for 3,410 males and 2,587 females (6,514 and 4,601 
observations, respectively), and for 3,188 urban and 2,809 rural residents (6,102 and
5,013 observations, respectively). The sample without excluding the agricultural 
workers and/or the self-employed is also estimated for comparison.
5.5.2 Dependent Variable
The dependent variable Wit denotes the logarithm of the real hourly wage income. 
As previously stated in Section 3.2.1 in Chapter 3, there is no direct measure of 
hourly wage income, thus this study defines it as the ratio between the monthly wage
income and the monthly working hours. The monthly wage income is calculated by
112dividing the annual wage income by the monthly working months . The monthly
111 For the agricultural workers, 98% of them are self-employed. For the non-agricultural workers, 
however, less than 20% of them are self-employed. Likewise, 83% of the self-employed are 
agricultural workers, whereas only 2% of people who are not self-employed engage in agricultural 
work.
112 The CHNS asks respondents “Last year, how many months did you work at this occupation
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working hours are calculated by multiplying 4.3 weeks per month by weekly 
working hours.113 This constructed nominal hourly wage income is then inflated to 
2006 Chinese yuan.114
According to the CHNS definition, the annual wage income is the sum of the 
annualized non-retirement wage (monthly wage times months worked115), bonuses, 
and other cash or in-kind income received during the last year.116 The monthly wage 
is surveyed under the section on income from wages in the Household and Individual 
Survey questionnaire for all the six waves. In waves 1991-1997, the respondents who 
had a job last year were asked “How much money do you receive, on the average, for 
a month’s work at this occupation, excluding subsidies and bonuses? (yuan)”. For 
waves 2000-2006, the monthly non-retirement wage is based on a revised question 
“On the average, what was your monthly wage/salary last year, excluding subsidies 
and bonuses? (yuan)”, which does not change the meaning of the original question.
For the first three waves, information on total annual bonuses is surveyed under the 
section on welfare subsidies and rations in the Household and Individual Survey 
questionnaire and is based upon two questions. The first question is “In the past year, 
did you receive any cash bonuses (including festival and any other bonuses)?”. If the 
answer is yes, then the respondent will be asked “What was the total value of all 
bonuses last year?”. For waves 2000-2006, the bonus information is surveyed under 
the same section as monthly wage, and it is also based upon two revised questions 
(again without changing the meaning of the questions) which are “Did you receive a 
bonus last year (including monthly bonus, quarterly bonus, year-end bonus, holiday 
bonus, and other bonus)?” and “Last year, what was the total value o f all bonuses for 
the entire year?”, respectively.117 Furthermore, the CHNS Work Manual (1993) also 
states that the annual bonuses include regular monthly bonus, holiday bonus,
113 The CHNS asks respondents “How many days in a week, on the average, did you work at this 
o c c u p a t i o n and “How many hours in a day, on the average, did you work at this occupation 
respectively.
114 The inflation index sets the cost in urban areas in Liaoning province in 2006 equal to 1 and makes 
all other costs relative to it. It has been constructed and provided by the CHNS.
115 Note that 99% of the employed sample work twelve months, and 100% the sub sample used in this 
analysis work twelve months.
116 More detail regarding the CHNS definition o f wage income, see the web link above in footnote 116.
117 The response rates o f these two questions are 99% and 95%, respectively. Calculation is based on 
the total sample in this chapter.
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dividend bonus, bonus for increase in production, and any other bonuses from the 
work unit in the last year.
Other cash or in-kind income is based on two set of questions, which are surveyed
under the section on other sources of income from work activities in the same
questionnaire as for wage and bonuses. The first set of questions includes “Did you
have any other cash income last year?”, and “How much money was it?”. The
second set of questions includes “Did you have any non-cash income (e.g. clothes,
118foods, etc) last year?”, and “How much was it if  you bought them from market?”. 
However, this information on other cash/in-kind income from work is only surveyed 
in the 2006 wave.
According to the summary statistics in Table 5.1a, the average real annual wages of 
the Chinese workers increase nearly 4.4 times from 1991 to 2006. The total annual 
bonuses (Mean3 in Table 5.1a) also have a three-fold increase. Nevertheless, the 
proportion of bonuses to total wage income decreases from 18% in 1991 to 8% in 
2006. Beyond that, the share of people who have bonuses also decreases from 67% 
to 39% during this period. The average other cash/in-kind income only makes up a 
very small proportion of total wage income, and is only 3% for the 2006 wave. 
Nevertheless, it is a significant component for some subgroups. For example, for 
those 182 workers who have other cash/in-kind income, the proportion of other 
cash/in-kind income to total wage income is 20%.
As described in Chapter 2, the second wage reform (early 1980s-mid 1990s) linked 
both wages and bonuses to actual productivity, although it was still partly relying on 
a central planned system. After this the recent wage reform gave the enterprises full 
autonomy on determining their own (and market-oriented) reward standards and 
wage standards. According to Hu et al. (1988), the nature of the bonus remains 
questionable on whether it is truly reflect the labour productivity or merely a wage 
supplement. Accordingly, this chapter further pursues a sensitivity analysis of the 
health effect on wage income by using two measures of the real hourly wage income. 
The first measure is based on the non-retirement wage only, hrwage; and the second 
measure is based on the sum of the non-retirement wage and bonuses, hrinc. The
118 The response rates o f all these questions are 100% except the response rate on whether a 
respondent receive any in-kind (99%).
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logarithms of the two measures (Inhrwage, Inhrinc) are then used in the empirical 
analysis. Figure 5.1 presents the two measures of the average real hourly wage 
income across six waves. The hrwage increases from 1.24 (yuan) in 1991 to 5.82 
(yuan) in 2006. The hrinc curve almost parallels to the hrwage curve, and it increases 
from 1.50 (yuan) in 1991 to 6.41 (yuan) in 2006. Furthermore, a measure of wage 
income using the CHNS definition - sum of non-retirement wage plus bonuses and 
other cash/in-kind income (hrinc% is also draw in Figure 5.1. It shows that adding 
other cash/in-kind income component only slightly increases in real hourly wage 
income. However, this measure cannot be utilized further since information on other 
cash/in-kind income is only surveyed in one year.
According to summary statistics in Table 5.1b, the mean of the two measures of the 
real hourly wage income for the total sample is 3.22 and 3.62 Chinese yuan, 
respectively, which are, for example, close to the Liaoning’s 2006 minimum wage 
rate (range 3.00-5.00 Chinese yuan)119. On average, male and rural workers are better
1 90paid than female and urban workers, respectively. Figures 5.2a and 5.2b present 
the average real hourly wages (hrwage) by gender and wave, and by urban/rural area 
and wave, respectively. The increasing trend in average hourly wages is evident. 
Overall, men have higher hourly wages than women for all waves. The gender wage 
gap increases from 1991 to 2006. However, according to Figure 5.2b, the rural-urban 
wage gap first increases from 1991 to 2000 and then starts to decrease after 2000. 
Indeed the average the hourly wage for both urban and rural workers are close to that 
for the total sample in 2006.121
5.5.3 Explanatory Variables
The first measure of health is the SRHS which is defined in Chapter 4 and includes 
four dummy variables excellent, good, fair and poor (the reference category), which 
take value of one if an individual has excellent health, has good health, has fair
119 The minimum wage rates in China are varied by provinces (and urban/rural areas in each provinces) 
and municipalities.
120 Recall from Section 3.2.3 in Chapter 3, urban takes value of 1 if people are residents in urban 
neighbourhood or county town areas (and zero if  people are residents in suburban villages or rural 
villages), which is not defined based on the urbanization status. This might be the reason why rural 
workers are higher paid than urban workers. It is also worth to mention that the sample used in this 
chapter does not include agricultural workers or self-employed workers since they normally receive 
income from other sources.
121 A similar trend is also found by applying the sample without excluding agricultural workers and/or 
self-employed workers.
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health or has poor health, respectively. As shown in Table 5.1b, individuals with fair 
or with excellent health status have the highest hourly wages for all the sample 
groups. While for all the sample groups with good health status, the hourly wages are 
unexpectedly lower than those with poor health status. Possible factors driving this 
. statistical result can be the other indirect effects, for example, differences in age, 
qualifications and work experience. As mentioned in the earlier section, following 
Cai (2009), the SRHS is measured continuously in the 2SLS analysis of this study. 
Therefore, hffLS is a continuous variable, namely health!, where a value of 1 to 4 
indicating individual self-reported health status from poor to excellent.
The second measure of health is the BMI based on the WHO classification criteria, 
which is also used in the previous chapter. It includes four dummy variables: 
uweight_who (BMI<18.5), nweightjwho (BMI 18.5-25), oweight_who (BMI 25-30), 
and obese_who (BMI>=30), where the dummy variable for normal weight, 
nweight who, is the reference category. Similar to the above, a continuous measure 
of BMI (bmi) is used in the 2SLS analysis. As shown in Table 5.1c, individuals’ 
hourly wages increase with BMI for all the sample groups, except for female and 
rural workers. For female workers, underweight and overweight have the highest and 
the lowest hourly wage income {hrinc), respectively. For rural workers, both of the 
two measures of hourly wage income are lowest for those with normal weight.
The other explanatory variables which have been found to affect wages (Haveman, et 
al., 1994; Contoyannis and Rice, 2001; Gambin, 2005; and Jackie et a l , 2007)122 
include gender, age, educational attainment, urban/rural area, region of residence,
i')'}
marital status, presence of children in household, occupational status , employment 
position124, type of work unit125, number of employees in work unit126, and whether
122 However, this chapter fails to include two explanatory variables in the wage model: one is the the 
work experience; and the other one is ethnicity since it is not surveyed for waves 1991, 2004 and 2006.
123 Recall from Chapter 3 the 8 dummy variables for the occupation category are: j o b l ,  senior 
professional (or technical) personnel; job_2, junior professional (or technical) personnel; job_3, 
administrator/executive/manager; job_4 , office staff; job_6, technical, skilled worker; job_7, non­
technical, non-skilled worker; job_8, driver and service worker; job_9 , engagement in small 
commercial household business, handicraft and other, where j o b l  is the reference category.
124 Recall from Chapter 3 that the 2 dummy variables for the job position category are: employee, 
worker who works for another person or enterprise, and paid family worker; and olherposi, unpaid 
family worker, temporary worker and other, where the latter is the reference category.
125 Recall from Chapter 3 that the 3 dummy variables for the type of work unit are: privatesec, 
individual or private enterprise, three source invested enterprise, household business, and family 
contract; government, state enterprise or institute/governmental unit; and typeother, small collective 
enterprise, three-capital enterprise and other, where privatesec is the reference category.
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or not an individual has a second occupation. In addition, dummy variables for the 
survey year are also included in the wage model.
Appendix 5.1 shows average age and educational attainment by self-reported health 
status. As expected, the better the health status, the lower the average age, and the 
higher the educational attainment. Although the average level of educational 
attainment for workers with good health status is higher than that for workers with 
poor health status, the average age for the former is younger than the latter. 
Therefore, workers with good health status are likely to have less years of experience 
than workers with poor health status, which may reduce average hourly wages 
among this group. Unfortunately, this chapter is unable to obtain information on 
work experience since information on the age the respondent left school is not 
available from the CHNS. The average age and educational attainment by BMI 
categories are presented in Appendix 5.2. It can be seen that the BMI positively 
correlate with average age, which may possibly explain the positive wage 
relationship, but there is a less clear relationship between educational attainment and 
BMI Therefore, workers who are overweight or obese are like to have higher hourly 
wages. In addition, workers of normal weight have the lowest level of educational 
attainment among the four BMI categories.
Summary statistics of the other explanatory variables are provided in Table 5.Id. On 
average, urban workers are better educated than rural workers. The share of urban 
workers who have technical or vocational degree qualification (techvoc) and who 
have university or higher degree qualifications {university) account for 16% and 13%, 
respectively, which are more than double the corresponding shares for rural workers. 
The distribution of educational attainment for both male and female workers is 
similar to that of the total sample. Compared with female workers, male workers 
have higher share of employment in senior professional/technical personnel (Job l), 
administrator/manager (Job_3) and technical worker (job_6), which are 9%, 15% and 
21%, respectively. For all the sample groups except for the rural sample, more than 
90% are employees. In terms of the type of work unit, 20% and 37% of rural 
residents working in private sector and in state enterprise or government units,
126 Recall from Chapter 3 that the 4 dummy variables for the size o f the work unit are: firm020, 
number of employees between 0 and 20; firm20100, number o f employees between 20 and 100; 
firmmtlOO, number of employees more than 100; and firmunk, unknown or no response, where 
firm020 is the reference category.
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respectively. For urban residents, working in state enterprise or government units has 
a very large share of the three types of work unit, which account for 70%, whereas 
working in private sector only accounts for 7%. Moreover, urban residents have 
lower share in small size work units (9%) but higher share in large size work unit 
(54%) compared with rural residents.
5.5.4 Instruments -  2SLS Estimation
In estimating the effect of self-reported health on wages, most of the existing 
literature use detailed specific health conditions or diseases to instrument self- 
reported health to account for endogeneity and measurement error of self-reported 
health (Bound, 1991; and Cai, 2009). Some studies also use other instruments such 
as family assets (Lee, 1982), non labour income, socio-economic status of 
respondent’s family members, and area measure of environment and health facilities 
(Haveman et al., 1994; and Jackie and Himmler, 2007). This chapter follows the 
strategy of using specific health conditions as instruments of SRHS and uses 
information on medically diagnosed diseases and injury which are reported by 
individual.
The first instrument used in the IV estimation is a dummy variable indicating 
whether or not an individual has high blood pressure {hypertension), which is based 
on a survey question “Has a doctor ever told you that you suffer from high blood 
pressure?” The second instrument used to account for the potential endogeneity and 
measurement error of SRHS is based on three questions. The CHNS first asks 
respondents “During the past 4 weeks, have you been sick or injured? Have you 
suffered from a chronic or acute disease?” If the answer is yes, then respondents are 
asked “ What did you do when you felt ill?”, with four possible answers “1 = self care; 
2 = saw the local health worker; 3 = saw a doctor (clinic, hospital); 4 = did not pay
127any attention”. Those who answered either saw the local health worker or a doctor
are then asked “What was the doctor's diagnosis of your illness or injury?”. The 
answer contains a list of types of illness, including: infectious/parasitic disease, heart 
disease, tumour, respiratory disease, injury, alcohol poisoning, endocrine disorder, 
haematological disease, mental/psychiatric disorder, mental retardation, neurological 
disorder, eye/ear/nose/throat/teeth disease, digestive disease, urinary disease, sexual
127 In CHNS 1991, the question asks respondents “Did you go to a hospital fo r  the illness or injury?".
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dysfunction, obstetrical/gynaecological disease, neonatal disease, dermatological 
disease, muscular/rheumatologic disease, genetic disease, old age/mid-life syndrome, 
and other. Therefore, a dummy variable (ill) is created and takes on the value 1 if 
individuals answered any of the above diseases and zero otherwise. The two dummy 
variables are used as instruments for self-reported health status.
As shown in Table 5.Id, the number of people who have high blood pressure and 
ever have any of the above lists of diseases based on doctor’ diagnosis during the last 
month accounts for approximately 3% and 19%, respectively. Moreover, a 
robustness test is also performed by using two alternative instruments for SRHS, 
which are two continuous variables indicating the number of years having high blood 
pressure (hypyear) and number of days being sick or injured during the last month 
(illday), respectively. On average, the number of years having high blood pressure is 
0.16 for the Chinese workers. The number of years having high blood pressure for 
male workers is about 3 times larger than female workers. For urban workers it is 
twice as much as that for rural workers. The average days of being sick or injured 
during the last month for both genders are 0.22 which are the same to that for the 
total sample. In addition, urban workers have more average sick days than their rural 
counterparts.
In estimating the effect of BMI on wages, most of the existing literature use BMI of 
the biological family members (parents, children, and siblings) to instrument BMI 
(Cawley, 2004; Brunello and D’Hombres, 2007; and Kline and Tobias, 2008). Some 
studies also use other instruments such as relative food prices, non labour income of 
the worker and non labour income of all other household members (Thomas and 
Strauss, 1997). Following Thomas and Strauss (1977), Arcand and Labar (2005) use 
dummy variables to identify the person in the household preparing meals, the same 
for the person planning meals, smoking, the proportion of food purchases made in 
state store, and on the free market as instruments for BMI. This chapter, however, is 
unable to follow the above studies in terms of using BMI of the biological family 
members, food prices, or the identity of the person in the household preparing (or
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planning) meals since these information are not surveyed or fully surveyed in 
CHNS.128
In order to account for the endogeneity of BMI, this chapter uses two instruments. 
The first instrument of BMI is a dummy variable indicating the presence of one or
1 OQmore obese working-age adults (BMI>=30) in respondent’s household {hhobese). 
The second instrument, energy, is a continuous variable indicating the individual 
daily average energy intake (in kilocalories). A robustness test is also performed by 
using two alternative instruments for BMI. The first one is a continuous variable 
indicating the share of working-age adults who are obese in the area in which the 
respondent lives (obese_t4). The second one is also a continuous variable indicating 
the daily average energy intake of other working-age adults in respondent’s 
household (energy_hh). As shown in Table 5. Id, 2% of the Chinese workers have at 
least one obese working-age adults in their household. The individual daily average 
energy intake for the Chinese workers is approximately 24 kilocalories. On average, 
men and rural residents have higher energy intake than women and urban residents, 
respectively. Additionally, the average share of obese working-age adults in 
respondent’s living area (oweight_t4) and the average energy intake of other 
household members (energy_hh) are 2% and 20 kilocalories, respectively.
5.5.5 Exclusion Restrictions -  Heckman Sample Selection Estimation
Similar to Cai (2009), variables for occupational status, employment position, type of 
work unit, number of employees in work unit, and whether or not an individual has a 
second occupation enter the wage equation but not the selection equation, which are 
served as exclusion restrictions for employment. Cai (2009) uses the presence of 
children in the household as exclusion restriction for employment. In analysing 
American female labour supply, Mroz (1987) assumes that both children and other 
source of income (family income) have impact on labour supply but do not have a 
direct impact on wages. Since the presence of children is assumed to have impact on 
wages for Chinese working-age adults, this analysis uses a dummy variable
128 Information about the identity o f the person in the household preparing meals, the same for the 
person planning meals, and the proportion o f food purchases made in state store and on the free 
market is only surveyed in CHNS 1991 and 1993.
129 The analysis assumes that the lifestyle of older people is different from that o f the working-age 
people. Moreover, the BMI classification for children is different from that for adults.
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indicating whether or not a household (where the respondent lives) receives non­
wage income (hhnwinc) during the past year as the exclusion restriction for wages.130 
The household non-wage income refers to any income from household businesses, 
farming, fishing, gardening, livestock, rentals of household assets, boarders, welfare 
funds, relatives and friends during the past year. In addition, a robustness test is 
performed using an alternative exclusion restriction for wages, which is a dummy 
variable the presence of other household members who have individual non-wage 
income during the past year in the household in which the respondent lives 
(<oindnwincjth). The individual non-wage income refers to individual income from 
household businesses, farming, fishing, gardening, and livestock. The total sample 
used in analysis which addresses the potential sample section bias includes 16,086 
observations from 8,631 individuals. It includes all the Chinese working-age adults 
except for those who are either agricultural workers or self-employed. As shown in 
Table 5.Id, 52% of the total sample received household non-wage income and this 
does not vary by gender. For the urban selection sample, 30% received household 
non-wage income. While for the rural selection sample, the share is approximately
2.5 times larger than their urban counterparts. In addition, for the total selection 
sample and for both genders, 11 % have other household members who receive 
individual non-wage income. The share of rural selection sample received individual 
non-wage income (18%) is about 4 times larger than their urban counterparts (4%).
5.6 Empirical Results
5.6.1 The Impact of SRHS on Wage Income
The estimation results of the impact of SRHS on hourly wage using the pooled OLS, 
RE and FE methods are shown in Tables 5.2-5.4, where the Hausman tests of 
comparing RE and FE are also presented at the bottom of these tables. The dependent 
variable used in Tables 5.2-5.4 is the first measure of individual wage income, 
Inhrwage. Sensitivity analyses of the effect of SRHS on wage income by excluding 
and including the agricultural and self-employed sample and using two alternative 
hourly wage income measures are presented in Table 5.5 and Table 5.6, respectively.
130 The continuous measure o f household non-wage income is not utilized since it is found to have 
statistically significant effect on wages whereas the dummy variable for having household non-wage 
income does not.
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The Impact o f SRHS on Wages - Total Sample
Table 5.2 shows the estimation results of the SRHS impact on wages for the total 
sample using the pooled OLS, RE and FE methods. According to the second and the 
third column of Table 5.2, the pooled OLS estimation results are similar to the RE 
estimation results. For example, individuals who have excellent health status are 
predicted to earn 11.1% and 12.6% more than those who have poor health status 
under the pooled OLS and the RE estimates, respectively. Comparing the estimated 
coefficients on the SRHS variables using the FE and the RE methods, the former are 
larger than the latter in terms of magnitude. The Hausman test strongly rejects the 
null hypothesis that RE provides consistent estimates, suggesting that FE model is 
preferable. Compared to the pooled OLS model, controlling for individual 
unobserved factors increases the effect of SRHS on wages for the Chinese workers. 
The FE estimation result in Table 5.2 suggests that there is a positive effect of better 
health status relative to the poor health status. However, in contrast to the effect on 
employment (found in Chapter 4), the estimated coefficient increases as the level of 
health increases. For example, the coefficient of good health status (17.0%) is higher 
than that of fair health status (13.3%).
The estimation results for non-health variables are also reported in Table 5.2. 
According to the preferable FE estimation, the number of statistically significant 
coefficients is much lower than those using the pooled OLS. For example, in the 
pooled OLS estimates, individuals with technical/vocational degree qualifications 
and with university or higher degree qualifications are predicted to earn 7.5% and 
21.9% more than individuals with no qualifications, respectively. However, based 
on the FE estimates, neither of holding technical/vocational degree qualifications 
nor holding university or higher degree qualifications has a statistically significant 
effect on hourly wages. Additionally, the pooled OLS result shows that the hourly 
wages for non-skilled workers (job_7) and for service workers (Job_8) are 16.9% 
and 16.0% lower, respectively, comparing to the hourly wages for senior 
professional workers (Job l). While neither of them has a statistically significant 
effect on wages when using the FE method. These results may reflect that individual
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educational attainment and occupational status are almost time-invariant, given the
1^1fact that only within variation of the data is used in the FE estimation.
The Impact of SRHS on Wages - Men versus Women
The estimation results for men and women are separately shown in Table 5.3. 
According to the Hausman statistic, for both genders, j 2(35) has /7-value = 0.00, 
leading to a strong rejection of the null hypothesis which implies that the FE 
estimates are preferable. For men, the estimated effects of the SRHS variables are the 
same in sign and increase in terms of magnitude between the pooled OLS and the FE 
methods except of the good health status. For example, men who good health status 
are predicted to earn 9.8% and 14.1% more than those who have poor health status 
in the pooled OLS estimates and the FE estimates, respectively. However, for 
women, there is no significant effect of health using the pooled OLS. For men, both 
having excellent and having good health status tend to increase the hourly wages by 
about 14.3%, and having fair health status tends to increase the hourly wages by 
10.4%. For women, both having excellent and having good health status are 
predicted to earn about 22.5% more than their poor health counterparts, and those 
with fair health status tend to increase the hourly wages by 17.9%. The difference in 
genders is consistent with that in Liu et al. (2008) on examining the effect of SRHS 
on per capita individual income using panel data from the CHNS (1991, 1993 and 
1997), and that in Contoyannis and Rice (2001) for British (the coefficients for 
excellent and good are 0.9% and 0.4%, respectively) men and (the coefficients for 
excellent and good are 2.7% and 1.6%, respectively) women. The estimated 
coefficients are not directly comparable due to the use of different measure of 
productivity (Liu et al., 2008) and health (Contoyannis and Rice, 2001). Liu et al. 
(2008) use a real average household income from wage, household gardening, 
farming, livestock, fishing, business, subsidies and benefits per working household 
member to measure income productivity. The reference group of self-reported health 
status used in Contoyannis and Rice (2001) refers to people who have fair health or 
worse. The finding is, however, different to the FE estimates in Gambin (2005) who 
finds that in a total of 14 western countries, there is a statistically significant
131 By using data from the same survey, Arcand and Labar (2007) argue that the variation o f education 
over time for a given individual might introduce measurement error since the most working adults 
would have finished their study.
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relationship between SRHS and wages for men, and almost no statistically 
significant effects for women.
The Impact of SRHS on Wages - Urban versus Rural
The Hausman statistic in Table 5.4 rejects the null hypothesis that RE provides 
consistent estimates is also found for both urban and rural workers, suggesting that 
the FE model is preferable. For urban workers, all the SRHS variables are 
significantly different from zero at the 1% level. Both having excellent and having 
good health status tend to increase the hourly wages by about 21.0%, and having fair 
health status tends to increase the hourly wages by 16.5%. For rural workers, having 
excellent tends to increase the hourly wages by about 13.9% but this is only 
significant different from zero at the 10% level. Futher, there is no statistically 
significant of having good or fair health status. Overall, the effect of SRHS on wages 
is larger for urban than for rural workers, which is consistent with the findings 
relating to employment. However, this result is contrary to that in Liu et al. (2004). 
The different finding is probably because Liu et al. (2004) use the household income 
per capita to measure individual return to health between urban and rural population 
in China, where the household income per capita is defined as the real average 
household income from wage, household gardening, farming, livestock, fishing, 
business, subsidies and benefits, food coupons, housing subsidy, child care subsidy 
and other subsidies per working household member.
Sensitivity Analysis
Table 5.5 presents the estimation results of the SRHS impact on wages for all the 
sample groups with and without excluding the agricultural and the self-employed
132workers who have positive wages based on the preferred FE method. It shows that 
including the agricultural and the self-employed sample reduces the coefficients of 
all the SRHS variables for the total sample and for both female and urban workers. 
For both male and rural sample, there is no statistically significant effect of SRHS on 
wages after including the agricultural and the self-employed sample. As mentioned 
in the last section, the proportion of agricultural and self-employed workers reporting 
wage income is small since most of agricultural and self-employed workers earn
132 For comparison, the FE estimation results which are presented in the top part in Tables 5.5 are the 
same to those in Tables 5.2-5.4.
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their income from alternative sources such as farming and home business, thus 
adding this sub sample might introduce measurement error.
Table 5.6 presents the sensitivity analysis based on the two hourly wage income 
measures. The top and bottom part of Table 5.6 show the FE estimates using 
Inhrwage and Inhrinc as the dependent variable, respectively. The results suggest 
that adding component of bonuses to the wage income increase the positive effect of 
better health status on wage income for almost all the sample groups. Therefore, 
using both wages and bonus to measure labour productivity yields slightly more 
pronounced results than using wages on its own.
Addressing the Potential Endogeneity of SRHS
The previous analysis assumes that the discretely measured of self-reported health 
status is exogenous. In accounting for its potential endogeneity this chapter applies 
the 2SLS estimator as described in Section 5.3 and the estimation results from both 
the first stage and second stage regression are shown in the top part of Table 5.7, 
where self-reported health status is treated as a continuous variable. In addition, the 
over identification test statistic (the Hansen J statistic), the Durbin-Wu-Hausman test 
statistic for the endogeneity of SRHS, and the F statistic for the joint significance of 
the coefficients on the two instruments are also presented. The middle and bottom 
part of Table 5.7 present the estimation results based on the pooled OLS and the FE, 
respectively, without considering the potential endogeneity and discrete nature of 
self-reported health status.
The insignificance of the Hansen J statistics in Table 5.7 suggests that the 
instruments are correctly excluded from the wage equation. The F statistics are 
significant at the 1% level for all the sample groups, indicating that the two 
instruments have significant explanatory power for SRHS after controlling for the 
other explanatory variables. The lower part of the 2SLS estimation in Table 5.7 
shows that both having hypertension and having other medically diagnosed diseases 
or injury have statistically significant and negative effect on health, which are 
consistent with expectations. However, for all the sample groups, the null
133 Again, for comparison, the FE estimation results which are presented in the top part in Tables 5.6 
are the same to those in Tables 5.2-5.4.
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hypothesis of exogeneity of SRHS cannot be rejected since the Durbin-Wu- 
Hausman test statistics are not statistically significant, suggesting that the pooled 
OLS estimation is more appropriate than the 2SLS estimation. The sensitivity 
analysis of using alternative instruments which is presented in Appendix 5.3 shows 
similar results to that in Table 5.7. Compared to the FE estimates in the bottom part 
of Table 5.7, the effect of SRHS for all the sample groups becomes statistically 
insignificant when after controlling for the potential endogeneity of SRHS. The FE 
estimation result in Table 5.7 shows that better self-reported health status positively 
affects wages for Chinese workers.
Addressing the Potential Sample Selection Bias
The top part of Table 5.8 shows the estimation results of the effect of SRHS on 
wages using the Heckman selection method along with the estimated p2 and the 
Wald test statistic (H0: p2= 0). The middle and bottom part of Table 5.8 presents the 
estimation results based on the pooled OLS and the FE method134, respectively, 
without considering the sample selection bias.
It can be seen for Table 5.8 that the Wald test strongly rejects the null hypothesis that 
pooled OLS provides consistent estimates for all sample groups within the
ITSpopulation, thus the Heckman selection model is preferable. For example, the 
correlation p2 for the total sample is -0.27, which implies that the unobserved 
determinants of wages and employment are negatively correlated. After controlling 
for sample selection bias, none of the coefficients of SRHS is statistically significant 
except for the coefficient of excellent health for the total and the urban sample, 
which are significantly different from zero at the 10% level. For the total and the 
urban sample, having excellent health are predicted to increase hourly wages by 
6.4% and 8.9% compared to their poor health counterparts, respectively. The lower 
part of the Heckman estimates in Table 5.8 shows the effects of SRHS and exclusion 
restriction in the employment equation. Overall, the statistically significant and 
positive relationship between having better health status and employment is 
consistent with that in the previous chapter. In addition, having household non-wage
134 The pooled OLS and FE estimation results are the same to those in Tables 5.2-5.4.
135 The effect o f SRHS on wages based on a two-step Heckman method is also estimated in this 
analysis, but not reported. The estimation results are similar to those using the maximum likelihood 
method.
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income negatively affects the individual employment probability. Sensitivity analysis 
of using alternative exclusion restriction which is presented in Appendix 5.4 shows 
the similar result compared to the Heckman estimates in Table 5.8.
The presence of sample selection bias for both Chinese men and women is found to 
be different from the international literature. Forbes et al. (2010) find that there is 
sample selection bias present for Australian men but not for women. In Pelkowski 
and Berger (2004), the negative effect of permanent health problems on wages is 
found to be decreased for American women but increased for men after account for 
selection bias. According to the Heckman estimates, the statistically significant and 
positive relationship between having better health and wages disappears after 
correcting for the sample selection bias. There is no statistically significant 
relationship between better health and wages for the sub sample groups except for 
the urban worker, where having excellent health has a statistically and positive effect 
on wages (8.9%). Based on a sample of rural workers from the CHNS 1993, Wei 
(2004) uses Heckman selection model and concludes that there is no statistically 
significant relationship between health (both the physical and the psychological 
measure of health) and wages.
5.6.2 The Impact of BMI on Wage Income
The estimation results of the impact of BMI on wage income by controlling the 
effect of SRHS based on the pooled OLS, RE and FE methods are shown in Tables 
5.9-5.11. Hausman tests which compare RE and FE are also presented at the bottom 
of these tables. The dependent variable used in Tables 5.9-5.11 is the preferable 
measure of individual wage income, Inhrwage. As before the Hausman test rejects 
the null hypothesis that RE provides consistent estimates for all the sample groups, 
suggesting that FE model is preferable.
As shown in Table 5.9, none of the coefficients on BMI has a statistically significant 
effect on hourly wages, which is different to the descriptive statistics. Sensitivity 
analysis which examines the effect of other explanatory variable is shown in Table 
5.12: Model (1) estimates for the effect of BMI only; Model (2) estimates for the 
effect of BMI by controlling for other explanatory variables but not for SRHS; and 
Model (3) controls for the effect of the other explanatory variables including SRHS,
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which is the same as the pooled OLS estimates in Table 5.9. According to Model (1), 
being underweight is negatively correlated with wages, whereas being overweight or 
obese is positively correlated with wages. However, all the statistically significant 
effects of BMI disappear once controlling for the other explanatory variables. In 
other words, the effects of BMI are accounted for by including the other explanatory 
variables. In addition, including controls for the effect of SRHS does not change the 
effect of BMI on wages. Recall the discussion from the previous chapter, the effect 
of body weight on labour market outcomes can work through the health channel 
and/or due to the presence of the weight-based discrimination. Therefore, assuming 
SRHS completely captures the impact of health on productivity, there is no evidence 
of weight-based wage discrimination for the Chinese workers.
The estimation results for men and women are shown separately in Table 5.10. The 
FE estimates suggest that there is no statistically relationship between BMI and 
hourly wages for men. For women, being obese is predicted to reduce wages by 
22.4% compared to their normal weight counterparts (which is only significantly 
different from zero at the 10% level), whereas neither being underweight nor being 
overweight has a statistically significant effect on hourly wages. This result is 
consistent with that in Garcia and Quitana-Domeque (2006) for men and women in 
Denmark, Finland and Portugal. Table 6.11 shows the impact of BMI on hourly 
wages for urban and rural workers. For urban workers, there is no statistically 
relationship between BMI and hourly wages. For rural workers, only being 
overweight have a statistically significant and negative effect on hourly wages (but is 
only significantly different from zero at the 10% level), with a value of -6.9%. The 
sensitivity analysis which examines the effect of other explanatory variables for the 
sub sample groups are shown in Appendices 5.5 and 5.6, where the results are similar 
to that in Table 5.12 for the total sample.
Addressing the Endogeneity of BMI
The above analysis assumed that BMI is exogenous. In accounting for its 
endogeneity of BMI this chapter applies the 2SLS estimator which is similar to that 
for SRHS and the results from both the first stage and second stage regression are 
shown in the top part of Table 5.13, using a continuous measure of BMI. As before 
the over identification test statistic (the Hansen J statistic), the Durbin-Wu-Hausman
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test statistic for the endogeneity of SRHS, and the F statistic for the joint significance 
of the coefficients on the two instruments are also presented. The bottom part of 
Table 5.13 shows the estimation results based on the pooled OLS and the preferable 
method (FE) without considering the endogeneity of BMI.
The insignificance of the Hansen J statistics in Table 5.13 suggests that the 
instruments are correctly excluded from the wage equation. The F statistics are 
significant at the 1% level for all the sample groups, indicating that the two 
instruments have significant explanatory power for BMI after controlling for the 
other explanatory variables. The results of the second stage 2SLS regression in Table
5.13 show that both the presence of other obese working-age adults in respondent’s 
household and having higher individual daily average energy intake is positively 
correlated with individual BMI. However, for all the sample groups, the null 
hypothesis of exogeneity of BMI cannot be rejected since the Durbin-Wu-Hausman 
test statistics are not statistically significant, suggesting that the pooled OLS 
estimation is more appropriate than the 2SLS estimation. This finding is consistent 
with that in Cawley (2004) for the population in the US. Although the exogeneity of 
BMI in Thomas and Strauss (1997) is rejected for both men and women in urban 
Brazil, their instruments fail to pass the test of over identification. The sensitivity 
analysis of using alternative instruments which is presented in Appendix 5.7 shows 
the similar result compared to that in Table 5.13.
The Hausman test statistics shown in the bottom part of Table 5.13 reject the null 
hypothesis that RE provides consistent estimates, suggesting that FE model is 
preferable. In terms of the previous literature, the impact of BMI on wages for 
population in western countries is mixed. Thomas and Strauss (1997) find a 
statistically positive effect of BMI on hourly wages for men but not for women in 
Brazil. For population in the US, Cawley (2004) finds a positive effect of BMI on 
hourly wages for black men and a negative effect for white women, but no 
statistically effect for white men or black women. Based on a pooled sample of 
working-age adults from nine European countries, Brunello and D’Hombres (2007) 
find a statistically significant and negative effect for both genders and the effect are 
larger for men than for women. For the Chinese workers, there is no statistically 
significant relationship between BMI and hourly wages for all the sample groups. In
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addition, the pooled OLS and the FE estimates for men are consistent with those in 
Arcand and Labar (2005) who use the same survey to examine the effect of BMI on 
hourly wages for the Chinese men.
Addressing the Selection Bias
The top part of Table 5.14 shows the estimation results of the effect of BMI on 
hourly wages using the Heckman selection method along with the estimated p2 and 
the Wald test statistic (H0: p2= 0). The middle and bottom part of Table 5.14 presents
1 36the estimation results based on the pooled OLS and the FE method , respectively, 
without considering the sample selection bias.
The Wald test strongly rejects the null hypothesis that pooled OLS provides 
consistent estimates for all the sample groups, suggesting the Heckman selection 
model is preferable. For all the sample groups within the population, p2 is negative 
which implies that the unobserved determinants of wages and employment are 
negatively correlated. This finding is the same as that in estimating the effect of 
SRHS on hourly wages. Nevertheless, there is only a limited effect of sample 
selection bias since the Heckman selection estimation results for all the sample 
groups are similar to the pooled OLS estimates. For example, male workers who are 
overweight are predicted earn by 4.0 % and 4.2 % more compared to those with 
normal weight based on the pooled OLS and the Heckman method, respectively. For 
urban workers, being overweight are predicted to increase hourly wages by 3.3% and 
3.5% compared to those with normal weight based on the pooled OLS and the 
Heckman method, respectively.
The lower part of the Heckman estimates in Table 5.14 shows that the effect of BMI 
in the employment equation is similar to that in the previous chapter. As before 
having household non-wage income negatively affects the individual employment 
probability. Sensitivity analysis of using alternative exclusion restrictions is 
presented in Appendix 5.8 and the results are consistent with Heckman estimation 
results in Table 5.14.
136 The pooled OLS and FE estimation results are the same to those in Tables 5.9-5.11.
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The FE estimates in the bottom part of Table 5.14, however, show that after 
controlling for individual specific unobserved factors, the statistically significant and 
positive relationship between being overweight and hourly wages both for men and 
for urban residents disappears. Recall obese female workers are predicted to reduce 
hourly wages by 22.40% compared to their normal weight counterparts. The result 
are larger than that in Cawley (2004) for American white women (-8.7%) based on 
the same method. For American white men, Cawley (2004) finds that being 
overweight increases hourly wages by 2.2%. Kline and Tobias (2008) find obesity is 
negatively correlated with hourly wages for both genders in the UK. However, the 
result is not directly comparable since the authors use different econometric 
strategies. Assuming SRHS captures the impact of health on productivity, there is 
evidence of weight-based wage discrimination for women and for the rural workers.
5.7 Conclusions
This chapter contributes to the literature by examining the relationship between 
health and labour productivity for the Chinese workers. The sensitivity analysis 
based on two constructed variables of the real hourly wage income shows that using 
the real hourly wage plus bonuses to measure labour productivity yields more 
pronounced results than the use of the real hourly wage rate. Instead of using a single 
health measure, the same measures of health in the previous chapter are utilized: 
SRHS and BMI which is based on the international cutoff points for overweight and 
obesity.
There is a statistically and positive effect of having excellent health on wages for the 
Chinese workers. As for the sub sample groups, having excellent health is positively 
correlated with wages for the urban sample, whereas the SRHS does not have a 
statistically significant effect on wages for the male, the female and the rural sample. 
Based on the international BMI classification, neither of three BMI categories has s 
statistically significant effect on wages for the total, the male or the urban sample. 
For female workers, being obese is predicted to reduce hourly wages by 22.40% 
compared to their normal weight counterparts. This result is larger than that of the 
international literature. In addition, being overweight is found to have a statistically 
significant and negative effect on wages for the Chinese rural workers. Therefore, 
further efforts in improving health in China could focus on specific groups of the
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population such as obese women and rural workers who are overweight. The local 
government could make some reasonable policies and implement these policies 
effectively such as adding more tax on consuming fast food or restricting the number 
of fast food restaurants should be given greater concern. Moreover, the health 
authorities could make an effort to promote a healthy diet and lifestyle such as 
opening a health TV channel.
This chapter allows for the panel nature of the CHNS data and employs the FE model 
to control for individual unobserved factors. Compared to the pooled OLS method, 
controlling for individual unobserved factors using the FE method almost doubles the 
positive effect of better health on wages for the Chinese workers. In other words, 
without controlling for the individual unobserved factors underestimates the positive 
effect of the SRHS on wages. Furthermore, this chapter applies a 2SLS and a 
Heckman selection model to account for potential endogeneity of health and sample 
selection bias, respectively. Based on the 2SLS method, the null hypothesis of 
exogeneity of health cannot be rejected for all sample groups within the Chinese 
population, implying that the pooled OLS are preferred to the 2SLS. However, based 
on the Heckman method, the null hypothesis that pooled OLS provides consistent 
estimates is rejected, suggesting the presence of sample bias in estimating the effect 
of health on hourly wages for the Chinese workers. The statistically significant and 
positive relationship between better health and wage largely disappears after 
controlling for the sample selection bias.
There are some limitations to the analysis in this chapter. In estimating the effect of 
health on wages when allowing for its endogeneity, this chapter does not consider the 
discrete nature of self-reported health status. Lee (1982) argues that failure to take 
into account the discrete nature of the indicators might introduce econometric
i -yn
problems . The sample used in the analysis does not include the agricultural 
workers and self-employed because most of them reporting their income from other 
sources. Therefore, future analysis could focus on this group of the population by 
using a net profit earned from agricultural work and self-employment to measure 
labour productivity. In addition, this study applies different methods to separately 
address different econometric issues (such as endogeneity and sample selection bias).
137 For details, see Nerlove and Press (1973) and Domencich and McFadden (1975).
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The current methods to account for sample selection bias in panel models are still in 
an experimental stage and remain questionable. Accordingly, further efforts are 
expected to extend the analysis to consider the above problems and a more 
satisfactory method to address those econometric issues is required.
189
Fi
gu
re
 
5.1
 
Re
al
 H
ou
rly
 
W
ag
e 
In
co
m
e 
by 
W
av
e
u u c c
QjC3>O
CL)OlO=i
t  •
I
ofN
OCM
CDCD
CO
CD
OCM rHLO CO
u
£
S
w
O>►
I
(uvnX )
o u io o u j  a § B ^  X |j u o h  P ^ H
ejT300
O00e
o
3<
O00
19
0
Fi
gu
re
 
5.2
a 
Av
er
ag
e 
Re
al
 H
ou
rly
 
W
ag
es
 b
y 
Fi
gu
re
 
5.2
b 
Av
er
ag
e 
Re
al
 H
ou
rly
 
W
ag
es
 b
y 
G
en
de
r 
an
d 
W
av
e 
U
rb
an
/R
ur
al
 a
nd
 
W
av
e
oo(N
Oor\i
CM
(Xi<Ji
mex(Xl
om (NLO
S-I
>3*
a>>u3
w
A
CL
\
cro
S3
—i
\
ro4->oI—
♦
(ucnX) 
S0oC\\ AJJIIOH
oo
(N
OO
r s i
(N
OLO
S3§B^ ^IJnOJJ
u05
6  
t3in
i—
»
roc3
T3
o n
UGOc
oJLro
<
roo
o n
19
1
Ta
bl
e 
5.1
a 
Su
m
m
ar
y 
St
at
ist
ic
s 
- A
nn
ua
l 
W
ag
es
, 
Bo
nu
se
s, 
an
d 
Ot
he
r 
C
as
h/
ln
-k
in
d 
In
co
m
e
T
ot
al
z
2,
20
2
1,
84
6
2,
23
9 OO
s 1,
56
2 0 0
T f
NO,
11
,1
15
M
ea
n
(S
D
)
(1
00
%
)
3,
64
1.
11
(1
,9
60
.0
2)
(1
00
%
)
4,
52
0.
74
(3
,5
95
.3
5)
(1
00
%
)
6,
48
2.
21
(4
,0
68
.9
1)
(1
00
%
)
9,
40
5.
00
(8
,1
64
.3
7)
(1
00
%
)
12
,3
03
.4
5
(7
,6
84
.8
4)
(1
00
%
)
14
,6
35
.9
0
(9
,5
19
.1
5)
(1
00
%
)
8,
04
6.
05
(7
,3
01
.9
5)
(1
00
%
)
Re
al
 A
nn
ua
l 
O
th
er
 
C
as
h/
In
-k
in
d 
In
co
m
e 
(C
hi
ne
se
 
yu
an
)
N
g
z
- ■ • ■ ■
18
2(
11
%
)
182
 
(2
%
)
M
ea
nd
(S
D
)
(%
)
' ■ ■ ■ ■
42
1.
09
(2
,4
55
.1
0)
(3
%
)
62
.4
3
(9
16
.7
7)
(1
%
)
(as)
,U
B
3
W ■ • ■ ■
1
3,
81
2.
93
(6
,4
68
.5
8)
3,
81
2.
93
(6
,4
68
.5
8)
c
cd
g
>►»
GV5
4>
^G
u
V5
4>V5
seo
CQ
73
s
N 
(%
)’
1,4
81
 (
67
%
)
1,0
97
 
(5
9%
)
999
 
(4
5%
)
714
 
(4
4%
)
640
 
(4
1%
)
64
7 
(3
9%
)
5,5
78
 
(5
0%
)
M
ea
nb
(S
D
)
(%
)
64
7.
83
(1
,0
54
.5
4)
(1
8%
)
85
3.
35
(1
,5
09
.8
8)
(1
9%
)
63
6.
86
(1
,2
14
.9
7)
(1
0%
)
79
9.
63
(1
,4
87
.6
6)
(8
%
)
11
82
.0
1
(2
,8
57
.8
2)
(1
0%
)
12
37
.5
3
(2
,9
93
.4
4)
(8
%
)
86
8.
57
(1
,9
32
.5
5)
(1
1%
)
CC
< ^—s St" vo 0 m  on m  m CN O m  0 0 O n VO"5 -3 - i n O  r n nt; O CN ON 0 0  0 O  r<]
o> 3  Q CN no r n  (N 0 0  i n ON —: r i CN — ’
02 9> r/N 0  ON cn cn O  ON OO — ' Os O  ON.
< 0 ^ T f  'O ° o , 0 0  q t o
cn  c n r o  ^ CnT
a*
V5
o
G CN 'O ON OO CN OO
]cj O m NOz CN 0 0 (N NO i n 'sO «NU CN r n
O
WD ^
Cd c
>  3
■3 ^cd ^ ^ /—s c f  n,_,'N3 r -  — cn i n  no s  ^ ON ^ T t  1—G O /__V OO O  c ? 0  o\ ^ (N  NO O O n O  ^ r  m  ^ • ^  Co ^  ^  CoG S  Q  C® no i n  ° * N®0 0  i n  0 s •h  ON o ' no i n O' d  ^ OO ^  ^ ,—1 Q\<  ■ »  K  8 s no  i n  cn O n ■3" r~- 0 O O - N ^  S ’ ^  S: i n  0 0C3v i n  00 \Q »— OO 0 0  r— O n NO ON ^ NO ON ON OO 0 0  i n  0 0
G c - l  " r o  t o i n  c n 00 r~-^ ^  no" W CN ^  w vo vo" w
0$
u r o r- 0 ^r NO "gG O n G n O n 0 0 O4* ON Ov ON 0 0 O 0
> m CN CN H
<L>>
£0x
o
X
ri V ^
£ ¥ o3  
C
o  xP §p 5> ea <+h 
G
. 3  c l  
<U t -  CL
Xo «
> X
<D O
o £
£ >n O-
1)
o <+-
U U
e io  o
O  o
c  cOJ -T3fe 8* C <2 8 X 
>* C  
C  o° « -s c/3 s s g1— (/) M .3 3 fc ■ ■ c  S xV  O O XX  X  o  OJD^I ^  Jz c s fl)
c  ^ 3  3  3
3  C  C  C
53 3 § §
3 D <D
O  CUD W) &0
r z  cd Cd cd
n  ^  ^  VhO 0> 1) 0)
P 3 3 £
cd
<U4=3 ^ o
C  U  Uc > >
3  CO 3
13 ^
S O o 
"  X  X  <u £ £
3  £  J 2ii> o o
( / J  CO C/3 C/>flj 0) « <L>o o o
3 2 2O- On
0) <D <D . . -T3 -3 -o
5  ^ C« .o o
P  c  C  C
b  cd cd  cd2 a) <u a)
m <uoe _  _
U  3  CO 
■3  X  X  
■a 3  o n  C u 0> 
3  X  X« P Ps r
19
2
Ta
bl
e 
5.1
b 
Av
er
ag
e 
Re
al
 H
ou
rly
 
W
ag
e 
In
co
m
e 
by 
Se
lf-
re
po
rt
ed
 
He
alt
h 
St
at
us
 (
po
ole
d 
w
av
es
, 
19
91
-2
00
6)
e _ 
.0
2 2  * ^ H
Z
co t - i n . t o o so o s
a s CN OO cn CN CN OO cn wn
co o cn cn VO cn o cn cn
C l  O  o '  
i/-> Os ©  • ■ O
o r - CN lO OS sO SO lO Cp r - O C®'ox
Os OO CN Os CN o q 0 sCN O) OCO cn CN cn lO cn cn CN cn cn CN cn
'w '
in i n O cn SO so 00 Os Cp OOOs CN r - q OS i n o Os CN 0 sCN qCN cn W CN CN cn cn CN CN cn CN cn
Os OS O CN cn i n
OS 00 o r - CN Os co q
cn w cn cn SO cn O ’ cn cn
SO CN r-* s o O s i n 0 0 oN CN CN
Co"
0 s*
0 0 OO q Tt; O s Os i n CN q O
cn cn CO cn 3 cn c n co cn CN CO cn o
o
§D
O''
o,£
o'-
3o
19
3
Ta
bl
e 
5.1
c 
Av
er
ag
e 
Re
al
 H
ou
rly
 
W
ag
e 
In
co
m
e 
by 
BM
I 
C
at
eg
or
ie
s 
(p
oo
led
 
w
av
es
, 
19
91
-2
00
6)
DA
£
O
X
2 ?  
3 T*
e r-~ « >/•>
a  2
I ^
J  ">  Z
S wwoo> *fN ID
C3U
i
£} C?i/1 © o'' 
r f i T7+- SO
00 00 S' o vOcn so oNcn in ©sON Os cn 0 sCN i qcn cn r-* c , i n cn
O  ON 
OS O
Os \ 0CN c ? iN cn o o ? OO Co" o^CN sq 0 sSO 00 CN
o N q o t q 1—1 0s-
w
O) cn O
CN CN CN cn r- cn ^ : CN cn CN cn O
cn cn \ p so
rq CN 0s
CN cn 00 CN cn
r- cn r - Co"t--*o s o OS ’—| 0sCNCN cn CN cn
SO Co"0 s-t—• O
CN cn O
w
o sn vO in Os 2 ^ CN OO c ° in CN00q 0 s CN sq o cn OO cn OO cn
CN cn w cn cn r-* CN so
V o1 Er </i os ©
rr\
SO OS vO N - ^ r 2^ o s in 2^ inr- 0s-
SO
O CN CN o CN
<N cn cn cn r- cn CN
OS f-H s©os
SO O
cn cn O
oS
.bo -s:.bo
o
- c£
m
T3c
cd
CQ
CQ
'O
C
3
cd X  T3 ti-
£ oc/i3  X
C/3 ^
C ^O Dp -Scd
o u£ £ 
3  O< ctl
3 Wo 0*c/i _
19
4
Ta
bl
e 
5.1
d 
Su
m
m
ar
y 
St
at
ist
ic
s 
- O
th
er
 
ex
pl
an
at
or
y 
V
ar
ia
bl
es
 a
nd
 
In
st
ru
m
en
ts
 (
po
ole
d 
w
av
es
, 
19
91
-2
00
6)
3
0$
0 0
3 -
s q
o
f T
-3-
S '
■3"
SO
■*t
S '
CO CN
o o
CO
©
SO
©
■Cf
S '
CN
CN?
CN
r ?
-St
S '
■cf
S '
31-
s
CO
©
CN
S '
CN
S '
CN
so
CN
S '
CO
o o
■3"
S '
CO CO CO
S '
■3"
00
N"
O s'
3 -
s
CO N t
o , © , © , © ^ S © ^ © , © ^ © ^ S S o © , © , © ^ © ^ © , o © , © , S ' © , © ^ s  s © , © , © ^ © ^ © ,
c o
s o
c o
3 ;
o r
CN
Os
CN
oo
CN
Os SO
o
r - J oCN o oo s oo r -r ~ CO3 - ■3- SO ■3"o o oo o O '© o s SOCO CO Ot"o r~- c o  o o ©CN CO CO3 " OS SOCN
© SO © © © © o © o © o o o © o o © © © © © o © © ©  © © © O © ©
^ ^ /_„ /_s /_v /_^ /_, /_^ /_s ,_, /__v /__, N/__^ ,_N/__s /_, /_^ /_, ,__^ ,__, /_^ ,_v /__s ,__v ,—v ,—
© N" SO SO OO © s o SO SO r - ■cf oo OS © OO © © ■3" so o s oo CO SO ©  © SO SO CN Os SO
SO r CO ■st 3 - N - CN ■3- 3 - CO co CO ■cj- SO CN CO CO CO CO CO co CO CN CN CN 3 - 3" CN ■st
© OS © © © © © © © © © © © , © , © ^ © © © © © © © © c© ©  © © © © © ©^
-3- SO © CO r~ CN Os SO CO CN CN Os Os © © co 3 - OS oo CO CO SO 'sf C" © CO Os Os
SO CN CO co CN © © co CN oo ■cf ■O' © —• '— 1 I—' >—1 — © OS © © r~- CN © CN
© CO © © © © © © © © © © © © © © © © © © © © © © ©  © © © © © ©
c o r - - r - - t ' - c N © a s c o ' 3 " r ' ~
o o o o o o o o o o
o o o o o o o o o o
_ ^^ /_^ /_^^ N/_ _ s /_v/_^^^ /_, _^_ /_4 /_^
as CN Os © CO CO CO ■cf SO SO r~ OO 0 0 ■3- © oo CO SO
■Cf ■3" 3 " SO CO CN CO CN CO CO ■3- co I-H CN CN CO SO 3" CO 3"
© © © ^ © , © , ©^ © , © © © o © • ©  © © o © © ©
oo SO Os © SO CN SO SO OS SO —  OS CO CN SO CO OO
SO co SO »—1 © — © CN >— CNo Os © '— 1 SO CO CN
© © © © © <© © O © © © © © ©  © © © © © ©
i'vo«C 'tO M oom N '-ooo  
—' O O O O O O O O O O O O
l-rt'C/KNONN
0 ' - f r l ( N - - i n O O
O O O O O O O O O O O O O O
_^ ^ ^ __ __^
© Os' CO oo so s o Os CO OO oo oo 3T © SO SO so
SO ■ct CO CN CN CO CN ■cf T f CO 1 CN CN CO so ■3’ CO •Ct
© ^ © ^ © ^ © ^ © © O © © © © ©  © © © © © ©
SO CN CO Os r - SO OS — oT — ■3- CN 00 CO © T t r -
■3" ■3" 1 © © <—I © CN CN — © Os © — SO CO <—• CN
© © © O © © © © © © © ©  © © © © © ©
oH
a ?
a ?
o
o s '
CO
S '
■Cf
SO
•*t
S '
■3" CN
S '
CO
OO
■O'
CO
-3-
CO
CO
Os
CN
S '
SO
S '
•3"
S '
so
S '
so
CN~
CO
SO
CN
S '
CN
S '
CO
S '
CO
S '
CO •cf CO
S ' 00 00 
CN CN CO
s
SO
S '
■Cf
so
CO
so
■cf
© ^ © , © ^ © , © ^ © , ©^—' © , © ^ © ^ © ^ © , © , © , S © , © , © © © , © ^ © ^ © , ^  © ^ © , © , © ^ © ^ © ^
©
SO
CN
N"
OS ©
CO
CN
CO
OS
©
CN r -
CO
SO
CN
CN © T tso
©
00
CO
•3-
S O
3 ’
CN OO
©
Os
© 22
o s s o
CN
CO CO
©
—  o s  
Os ©
CO SO
SO
CN
CO
■3" r -
CN
© s d
co
© © © © © © © © © © © © © © © O © © 0 © © © © ©  © © © © O ©
3>
s_o3
C
_ 3"S.
X  /-V
U '—'
Js -Si S Qo s
^ T s \ 0  \ 0£ o" ^
3  '—'0 )  l O  U-)
> s  < N  r r >c . - I. _ I
s o  0 \  v O  >  lil os
v U ! Wso so a. <s-i ^ 3^ <u su so so
SO
o \  o x
'-<3
vO nO
NO no 
o \  o >
bt> bo bo 3 c a txo So o  a a s: o -oO -®
SO NO 
ox  0 s
<N
'-c^ 1 
o  o
nO vO N.O n©
q\  flV qN q\  q S
cD
%o
£
_ c
C/3<u
Tti >>£ £
- - v  ^  p"X ^ -C= IOw n JnW;
^  V o  :
NO
"Sh so
-o ~c> 
o  o
t \  Oo O n —  » S
I J  J  J  B -X-O -O -O P =* O O O [Jj"■> ’~N ■"! '~N 1
o
§,<=>■&> P 'S <N Op o  a S O g  O (N W n,>^H)CCK
<u o H  ci, bo S  Z  <£1,
19
5
NO
CO NO vo .^ r
o o o o
_s __N^ N ^ ^ __s /-v r ? /___
o t— Td- ON CN oo r - NO —1- OO •0" NO ©
VO (N CN CN
xT co © CN T t (N VO
o © , © , o © , i—-i d © o
NO
d r - © ©
r—1
CN
'—-• *o,
■^ f oo CN Td- VO o VO NO*" CN oo ’Cf vo" © oo"VO o o o o CN CN © © © CO ©
o o o © © © © © COCN CN ON © ©
 ^_ _^_s /_^ /_ /_N/_._ /^-V /_ oo /_^
© ON CN CN oo r~- r~ CN 00 ©
VO CN CN CN ON ON ■ CN © CO VO CO VO
© , © , © © © © .—. © © vQ, CN © ©n—/ NO^ CO CN© ON VO CN VO oo CN CO © NO <—i 1—c ( ZVO © © © o © CN o ’—1 00 VO
© © © © © © C> © CN CN ©CN
© o
© ©T r - OO VO
vo CO CN CN CN N" ©
© , © o © © CN
© © oo ^ r VO — CN
•vt '—< © © © CN CN
<© © © © © © O
f ©  CN ^  O  
On ^  ON
o 5£, <N £,
g S g S
o £ (N 2
CO VO CO
© © © r~
oo ^ ' NO^
VO CNVO oo"'
^ ^ /__^ /__ /_s ^ v /_s /__^ _ ^ /-N r o
© © VO oo © CN NO CN O
VO CN CN CN CO © VO CN SO m SO
© , © , © c> © CN <© NO CN 2 o o OO
o © t~- CO vo NO CN — CN r - 00 O CN -^V SO
»“ © © © *—1 CN »“ © o t—i in
c> © © © © © © © mCN CN a s o o
n? 5r0s- __ .O
t f '  0) 
-X w  p
E § t  IH 'S 'S, b  ,h  ju cc c ^ c ^  6, _
>, >.
«
I s
-  "O'-' C -° V .2 O a w
© J3 ^^3
CD
S
<U /-v
• — v O
t  ^-2 o
cd O  O —'
' °  X
sjj vu1 
^  2  
s; - o  <u o
S  £w u
c/5■« -S I o
c °§  Z
:i i
x -s: W ^
‘5 E
v-/ SX —1 OJ) Jo O 
C  ^  o
3  ^ rr■E & Id S
15 .3
19
6
T
ab
le
 
5.2
 
T
h
eT
m
p
ac
t 
of 
SR
H
S 
on 
W
ag
es
: 
Po
ol
ed
 
O
L
S,
 R
E 
an
d 
FE
 
- 
Th
e 
T
ot
al
 
S
am
p
le
* ** — * a-, * •'d-•O q\ )D Os f-~
t'- o  t'' o  ^  o
Z: o !Z o Z; d
^ON_.(N_'Tl-int^O'0<Nr^(NON igfSg'ioJlONOO — iji f<l OO ON -h Tf
o jD o z r o o o  — o — o o o
•^rr~~
p ©
a
E«
V I
9
* * * * *
*
* 00
** ^  * CN
** ** rn ** oT
r o sO CN io 2 VO i n © oo sO OsVO ro r o  ® r o o r oCN Oo 2  o O i n o oso © oo ©
O © © S o o o ©© © , ©©
r-mvooor'.^cN*(N'5tON'or-^20N” (N°0'^-cNmo>oo
j o o o o o g o g o N  
^  O .  O  O .  P  O .  O .  ^  P .
O fN OO O O O ^d d d d d d d - ;
v>-JO•99"oO
f t.
o '■o
*
SO * CNc— Osr o
O © ©
© © ©
o  co oo X  o  2
^ o S o o o o o S o f ^ o— • <N
d w d
O  CN
d d
© Os oo CN
*
_  *  
©  JL
r o vO CN CN 2
CN r o CN
© © © © ©  ^
© ©i © © s ©
> coGO ^
>
X)ooW>
>
Vi
oz
i n i n OS
r o i i i n iI
SO
i
SO
i
sO
CN r o
<U <u <u
W) OX) OX)S3 cd
CO
E
'53
19
7
^ o ® r~ f2 0 0 l °JC00^ 00SS’“ rr)rt(NT^ 2 rn2i0sS 0 ^ 00i2'^'RS^, r^
g o g © g © © © g © ® © g © o © © © g © ; 2 0 S 0 o 0 © 0 © 0  0X O x  O p  O x O ^  O x o o  o o  o x  o x  o
*
*
*
*
*
*
*
* *—^, * /-V * ^ ^ ^ ^ ^ ^ —^v ^ ^ —^s —v * * * r__, ^  * ,__v r—N
oo r o VO r-~ * vo © Ov * VO © I—I CN © © VO CO lO CN Tj" OO r " © OV oo CN \o  * r~~ CN lO CO ©CO r - IT) C~- r - ^ r uo £ vo VCV © C— © CN VO OO ov 'J- CN Tf VO o r ^ t Ov ■^ t o r VO ^  s oo 00 >o oo<N © CN *o CN CN ® CN co CN CN CO CN © CN CN CN O ' CN co CN r o CN vsO m  og ©
© co© ©
©
© © © ©  o © © © 3 © © © © © © © © © © o © O © © o O  O ©
©
© © © ©
© , © ©^ © o © s S © © © © © © © ©i © © © © © ©i © , ©1 © © © © © o s 5 © © © © © ,
> o  ~OO o
00<T>
T f O  *  v> ©  00 *  Ov OO Ov *  n O X h v O O \ O O O N n O \ V D v i - T f v O l » p - 0 > 0 "
r^ -i r r ' >v^ i o-i r<n <r^ i r~; ov ’—■ ^i- -^ f- r~- a^  -^ j- a^. t~— c® on JItcn^ cnJ^ Jcn^ cnS cncncnS! - (N -m N O n n iN o o N ^ N ^ N O n So < 5 o f ^ ; o ® o 5 o o o g o o o o ® o o o ® o o ® o —<o — o o o ^ SO O O -JO O O O O O O O O O O O O O O O O O O '-'
m m if) ^  ’N M -  (N -  ^M O (N tN (N 1“O O © O O g©©©©©_:
T+ *  l/"J *  h*.°® oo rs W© ~ o °  ©
*
*  rN? *  o '  *  ^  *  OO *  Tj- V© o  r -  ^  CN OO fv, CO OO qq
3 9 2 9 ^ 9 ^ 9 ^ 9 ^ 0  
o S© S o  S ‘
r<~i JTj <^l. ^ ° S ®o - o  • o
1 t " "  O S  ^  in os^  
—i ©  i n '
*
o ors a\ ^  sf
o o o ©
i n2 o _■ ©
* ** *
Ov* vO #Tj- mVO IT) 00i n in
o vOo o CNmoo o. ©O  w  —■ w  —  w  —
OO
—  r -  r-~
S '  o o
—  r s— m —
o©
t "  JQ o o  
©  3 o
i n  <nf-H -St—. o _r so
m r- o N” vO
O n Ov o o O
Ov Ov o o O
»— CN CN CN
4>H
§ _s «
c /5  Dio "O 5 "5c  •— •>
■2 T3 'o ^  &
* ! U “  'O  OCg L  P  r
t  %£ |  C?
- I  6 1 CX) ?  3  i2  CM
O  o! Z  w  ><
o
o
V&.
Vo.
19
9
T
ab
le
 
5.3
 
Th
e 
Im
pa
ct
 
of
 
SR
H
S 
on 
W
a
g
es
1: 
Po
ol
ed
 
O
L
S,
 R
E 
an
d 
FE
 
- 
M
en
 
vs
. 
W
om
en
<Z3
-Jo
■o
—"ooa.
wu>
C/5
J
o
■o
"©oa.
O  O n  
O  ^  O  t"" ©• (N • ■— • O ^  ©_ ©.
t  ON© 0 o 2° ©
cn * r-- o x o
NO X  NOo 5 o
* in * *
S 9 g 9 §O -j O
Cd>
on
X
Eon
-aoo00
O  NO 0 0  
NO t o  10^
■ tr  ©  c n
OO
O
r~, r- ON
O 00SO lO
CN OO
NO1 o
o
N -
o
0
Kj O 
3  X© g ? § E 2
oH
§ _  
e »
C/5 3o 3 ”g 
-- co ■> +- 3C 10 ^  ^ w "O ■—■
"  S CJ  
n°  Jo C G
ccj CM
o n  N;
i .  <a
O 'O
as
1 T5 fc b o 20 ■ §  
O  ccj6
<L> 3
fc =0 o —
1  §■§ 
S-s-g
s d o
5/3 3  2  »- o uO P co 
fc 60 000 u g ■o 00 >
s   ^ s
’§ ’« • '  S u .b S t  c
c/3 o 3
1 t-g
o o S£ V C c ^  V- OU -3
c/3 X >  N
*2 J2 ‘K 
0  13 „
.22 "o '£ 
>. 6 d
c *5 o* c * cn .5 c*h >—l ^ o O J!2 «
■8 I I :  
8 - s  =S oo- o \S
L, w .t:53 ^  -0 ^ 0
C  O  O n
D 3 b
QJ —
J D0 cd
"5 ’C
g  5
1»  o .£ to 
C/3 S*- cd
2 a-0 U■o 00 
S .5
I? * 
® =§ 
^  £
1 £
B
o
E
I ?
c . 0-.2
£  a  ®
3 ?
8 * ^* -0 * 
o  _ r  
“ o  ©
20
0
Ta
bl
e 
5.4
 
Th
e 
Im
pa
ct
 o
f 
SR
HS
 
on 
W
ag
es
1: 
Po
ole
d 
O
LS
, 
RE
 
an
d 
FE 
- U
rb
an
 
vs
. 
R
ur
al
0 0  ( S  OO On 00 OO 'O r- o  rCf ^ o - o g o
5 s S  S o  s
3cc
til
04
O v OO
O v LO t~~ t "
L O O > 0 3 "
O OO
O
O 100
O
O
O , 0
cn 
-Jo
3
"©o
Cl.
0 r o
O vO v >0 VO>0 0 L O OO
O 000 O LOO
o . 0 O O
r o  o  r~~ ^  0 0
Ov vo 10 <0O o *—> O O^ ^ ^  ^ ^  ^o _ •  o _ •  o
t "  o n  r o
m o o
C/5
-JO■3
■©o0-
^ bs 3;LO ^  ONo 2;
m ^  
t~- )S 0 0  "d- S" o t  o
•3OO00
O
O
O
r o o v r~~0 C -;
© _ 00
u o CN VO
r o  Ov 10 O >0
OS —o o
~  VO
o' o’
O
O
O
CN 0 0 O
O 0 0 t ^
r~‘n r o
VO r o OV
ON O  o >0 
—  VO
£ «c/o
co " 3  P  cdc J2 >
■ 2  3  o  = 5  C l3 2 b - s x  £ § % |  s?
^  ^  3  cd
O  cd 2;
iS <n go N;
?  ^
IT1 C/5
.£ g
C  c/5 4> —  > 3
'M'S3 3
<D CD 
3  C  H  a>
3
“ I3 §b
g 3co 5P'3co
3  "3 '
I S .c /5  O+- D..
c /5  D3 *- 
O O .
.2 o ’w c
c/5 -s 
1— 1 3  O -S 
3  3 J2 o 
o  c o — 
c l  o
c s sP 5
c/5 ^
ccj'C
O
Ofc ..
CD CD 
3  t>t)
c3 . g
C *J -2
GO "o
E _J
O O
"E v
6 .CJ *
C joo o 3 0rL V3CD *
Oo
VCL
20
1
Ta
bl
e 
5.5
 
Th
e 
Im
pa
ct
 o
f 
SR
HS
 
on 
W
ag
es
1 - 
W
ith
 
vs
. 
W
ith
ou
t 
Ex
clu
di
ng
 
A
gr
ic
ul
tu
ra
l 
W
or
ke
rs
 
an
d 
Se
lf-
em
pl
oy
ed
sCC
* (N00 ON C'Noo CN OO ZJ ONoo OO so l> r -CO © 3  o o
©©©S o d
c«JO
u
u.
O '  *  (N *  ■'J;oo x
sSsSs
,_,* /_, /_^
o * CN * r-m N/N o ZZ oX o x 3"Xo Tj- o ° o
d d S o d^
©H
* zs* 5T*
X  On X  \r j  On 
OO ^  O  CN
x ©. d. I;
■acA
3L.
3
0X1<C
jwS 3 a> 
AS 2 - aooOX)
CO t On 
—< NO O  
O  NT) OO
_*
cz*
NT>
o  ^
t j -ooXo
CNO
S o d x"
oo
o’
—  cn  r~O NO 00 
NO NO NT)
ONT't
oo
d
oo
^  ON O
—  oo —
NO NO ^  
x "  O  c o
—■ r »  on
_ T  NT) ON_
—  o  inn
£ 1)
c •—CO
.9 •*'3 =t3 S u ?
s 1 1 1V3 ^ fc £ y  3  cd
O  c i Z  w
<N _
O  ^  t~-00 oo t- O © o. 8 9
O  O
* ** _ * _ _
*  'cf *  oo  *  r~
oo 5^ »o no
^ s ^ s § g  
5 sS sS s
*  _  *  _* Cn * <o *
ON £  NO ^r- r< ^  ^t" ©
n rn  <o  /~\) rf^ i£ £ £ oo o  ^o
— \n 
JO CN ^  ON
no no t ;  no§ q § oZ; o w o
rjj §
3  o
* Xs * Z-.* oo © oo no no o o H - o S m S  CN 3   ^p 00 3
d S d S d S
a£3C«
T3
Q.E
WO
■o
o
o00
X ONo o oN"o NO OnN/N
x' d CO oo
S 'o
d,__ v—^
X X oo oo
X r- -Cf ONON X NO^ NOx“d CO ON
NO NO O  
OO m  ff )co no o
cn oo-  O oo 
C^* C O  O n
— o c-~
sO
droX (Ooo oCN<oX ■'d-CO CN CNoo"d r-
3cd  . ^ o
cd o
> cd g  3X
" Sf 2X  ?  3OaiZto N
-occd
•ccd£
3-1NO iu 
CN W
no -a
C/5 fc £ 2
•§ § H ^
.5 3 a) r^C/3 t S
£ £ 
o  c
«, g
£  Cd3CCJ cd
e 5X .£ c
O  Cdis °cd 3  
<U X
co rL  O •w X u
.2  O “
■5 febj?C 1) > 
0 0  cd 
C cd xCd #n *>
C l  v -  "fc ^ O fc
S o 3- 'o x
<U 0 0  fcX o
~ X & .£ 2 <~2  t l  O X O
£  x  23 y •-§ >- co"5 -fc J 1) O X
2 3 3
X 20 u
1 °2 »
x « 3  r£c/5 2 .£ 
c -o
0  <UX x cd 3£ 3 X c
C/5 •  —« oMJ C/3 
U- Cd 4>r- L-H 
. w
C/3 «
w 2^fli cdM x■fc cds >
1 ^X O 
.£
o x 
f c  x  5 a) -o oois •£
E  o
w n£ g 
1 x 2
^  X  < -  o
cd  ^ * 3 ^H o
HX *
I  ^
S£ o
l v-
» i
o
dvX
20
2
Ta
bl
e 
5.6
 
Se
ns
iti
vi
ty
 
An
al
ys
is 
Ba
se
d 
on 
M
ea
su
re
s 
of 
W
ag
e 
In
co
m
e
*  r o  o n  cn22 (N oo oo a  ONOO o o  NO r— O
o  -  o  22 o
*
* no * uo *, ^ r
M  O  ^  ^  o o
2 ;  no 2 ;  1 2  1/1d  o  *—’ o  ^  o
<n  ^  ~  ^o O O
W
U .
o  o o  P ;  V i  VO NO r - .  O  r— On r—- 
r o  o  0 ^  O  ^  O  
™  ™ ~  X
d  S d  S d  s
*
o * <N *CO ovO o sO ■rfO O o
O o o , o
ON
1/1 o n  5  n o  2
f" o ^  o ^ o
Z o Z: o Z; ©
Ix.■«
J 8
■Oa
T3
O
OOB
o 'o *o *
m s^*/ Ttro r- r- CN
1—1 SO o i> r-in 00
o r f SO o
O *’ t— '—■
CN ©  0 0  ©  ON
o o  5 2  ^o  2 °  2 °  
o . Z  d  Zc d .
Oo
o
^r s—'
CN 00 oO o 00
SO CO
vO o r o OS
*
ON 00
nj- iX  r ~  fGi on  __
NO ^  NO <o^  o  r; o  o
d S d S d S
o *
#oo *
r - ’s^ -/ —
ro o Os CNo so 00 CN
so^ in CN
o CN OO O
h o h
d ^ dO  O
Oo **o *
OO s—1' CN
OS o O n ro
OO so
l o <n CN
so" o r o r- O
o o  *  O n *  NO
CN £~  ON ©  o
no > o  JQ noo  ©  o  ^  o
l o Os in o1—Hr- r^ r-; in»—r- ON o o
CN
00
ON
»—1o lO o
8*«
s  ©
o  *  NOc~~ t" •3" ® ti- ©  ^  o
<DH
§£
- o  3
1>
- - I " ?o _, 'tr X • 
• s i ?  O  Cl  3  ^ "3 ©JTO P  ^ L> 2 2 & C?t- 3 ^ ^c/3 C G s ^ /
i )  ?  3O oi Z oo ><
CJ
.K
-s:
K
■O.22«>
eo■3ca>o .o>a
•o o
So dcd
ON
r o  »—i ON 
—  0 4  O  
O  n o  o o
NO OO
no o o
NO —<_
d  ro "
o  r ~  
—  o o
NO NO^
d  cn"
o
ON O  ■Nt — 
NO
d  ro"
CM
0 4  t— 
r o  ON 
NO ON
-a o
3  X   ^£ ? § 
*  Z
<DH
§ _
1 s 
3 f  
5 A
i §2 <NI
GO N<
•C
Cd .2NO W> U 04 *-
-3 05 fa 2 2x> >
H x>
r -  !-. £  3
O  j_r V3 3
©  g  £ Eo c
» 3
1 5“ 3u c 
X  O
cd 3  
<U T3
2  d
■P °  ■£ &
£ « ' 
Z  SPX. 3  , 
cd «v
CL N— . *-L| 1) CL "O O C ■“ 1> . <D bB 
X  . . 2 ”3U2o
CL 3 . I-
o . c
3X) '
2 © •€ o
33 3 
3  £cou ci-  . 3  C t3 
_ 0  u
® om oo 
(Jh ' S  
D  D
^ amui O u 2 g "3•2 -g c ^<u
i. ^CL oc 3
P CLfc x 5 o
- 3  OB
O
VCL
o
d
V
CL
3 -r
I  =<x !o
C <u
. 3  O
c  d  
4> V  -a &33 * X *
20
3
Ta
bl
e 
5.7
 
Th
e 
Im
pa
ct
 o
f 
SR
HS
 
on 
W
ag
es
: 
2S
L
S
os m
— r- o o
a
C3
■ f i
§  ^ 
>£> O
ora so  
(N  o
CN vo 
CN O
ei©H
r^i °°^ m
g ®• o
a
_©
’■C«aa*ud
05 g
* 2^
C*3 J3
i n
<N in
0 ^ o ,
00
in m
in cn cn
0 0
* *
* *
* *
<N CN r -
O 1—H
r t VO cn in
(N O 0
O1 O O 0
B"
O '
SO
* *
* *
* *
ON NO i n CN
ON NO
CN m ^1-
c n O i n O
0 O 0 1 O
* *
* *
* *
VO NO i n ON
r - O <n c n
ON i n i n
m O n - ©
0 1 © © ©
— OO
O ' O
o o
— o —'t n  ici•*t m -*t © m o 0 0 0
* *
* *
* *
ON CN VO ©
r - ON
ON c n © c n
CN © i n ©
O © © © ,
e
. o*c
ascw
rv “■3 *s
<D
a S <+j o3  
S' £f <3
* a
T3 ^
^  sc \Q
a .a
V  C/3
S Co3 -K
© '
© *
© *
in
o n  c n  o n  m 00
s o  ©  — CN
©  ir5 ° o  © . ©
©  (N in ©
O  
O  
O  
O ' w
CN I "  00 CN 
CN O ' OO O  ^ ^ "1 © Os ro VO
© "
©
©
VO
ON r -
ON i n 0 0 ©
© NO i n NO^
© ^d- CN
O
O©■3" '—SO so O t^
OO •—
+  -3 " >0
OO i n
NO c n r - 1-^
© ON
© i n
<D O o cdo3 c/5 QJ
3  *© -O  >—
S ' £  £  ^
, c/5 3 X)
b ! p- Z O
o©
o©
§ §
OSOs©o
sn  r - ,x> © 
g  ©
VO —<© so
CO CO 
© SO
2 aCT“ U? X> 
cd O
o
o
'§>00
o
CN w
O ' O ' c o  
VO C O  O o
© "
©
©
c n
© r - 00 CN
© 00 ©
vO 00
© 00 c n VO
r -
CN ON IN ,
VO 0 0 ©
i n in VO^
© OO CN
oo©
ON vO ©
0O m
m © in ^
© r - c n vo"
oo©
CN i n 00 0 c n i n
CN © , r-* c n r -
© c n  0 r - CN
CN
ON
NO ^ § i n ON© O  w © i n
CDH
3cd
73 ®
§ *3
“ 2 Di cn
’O cn
i l>CD X>E cucn
3  X>
Z O
2 J3-3 0
> O3 4>e °.3  a
r- U3 cnID 0> fe• 3 -oo 73 2 >- -Bto 2^  tn <U „6 2
'm 'S 
g 6
0  « 
a o o a
•©  CDa 33 “3t otH ' 
O  C+H
CD O OVO-*
bO - D «0 «- O
S ?2 P- £ * .5 *cd
c3 ©
1 ?  a.a o
3 :  g*
£ ’S
CD 
3  - O
&) D '
SP:
CD T3 
■w c  
3 M
’O ’P •C <d i  tDO' 
to *3 0 •  *-
O
co C  r
’So t i
g z "cd
c/3 ’a 1—1 2 ■o £
o0O. T3
•p 3e 3^1 a
a
3
D  .  ^•CO
cyj ’TT<u X) co cd<l> *r
£  cdc >
8a Sc a
'S J"B. x •
Db0c
C/3 3 '
. . D  - 
8*2
lo
us
eh
ol
d,
 o
cc
up
at
io
n,
 e
m
pl
oy
m
en
t 
po
sit
io
n,
 t
yp
e 
ot 
wo
rk
 
un
it,
 s
ize
 
ot 
wo
rk
 
un
it,
 h
av
ing
 
sec
on
d 
job
 
and
 
ye
ar
.
20
4
Ta
bl
e 
5.8
 
Th
e 
Im
pa
ct
 o
f 
SR
HS
 
on 
W
ag
es
: 
H
ec
km
an
 
Se
lec
tio
n 
M
od
el
. _  m  ©  — 1 OO ©
s  O  CN 0 0  ©  OO
if} © >n ■— »ng © © © © ©
• o o o o o
f c  o v  f c  r -  P  o oO ' O  >+ Os r t-~ © fc © s  ©
f c  c n  Si O' 3 s  o£{ r-~ ~  vo 5  <"o s  S S s  s^  O _ : O -p O
c3
oH
#
o o o o a s S c n
CO
s o COo
00
CO 3 ^o o fc °
o o. © s ©
5Tw
03>
or££cn
■33OO
60
r—VI IJj N Mp °. ^  ©O O ^  -i w  CN >/3
*  (N *  -3- * ,  m  oo  T t
? -  £ p  ©fc ©_•©_:©©©
oo
— m £  ■3-oofsi •—1 CN
<N ©  P  ©CNm ©o o
* * * _  * * CN *fc ©fc
m  . i n© S©
*
_  *  _  
r- -  *  i n  m 'J iO o ^ o
.1 /-) .O w o o oW' O  w '  I w
8 3 ©  -S S ° o
9 s 2 ^ r
* * *** _  * p  *
_  * 00 *
P  <N ^  CNCN f c  CN
© „  © ^  r -m—• ■3" • CO
© s © S o
— »n o © © ©
(N i n S o osCO , _  r-* CN r -
Tf (N Tf oo COo <=>. 5 o CO©o S o o o
©©
N sm _  
o © — 
§ £ £
* r ' * © * o o m  —
“  — J 2 © P © c n ©  o o - o o .  r ^ * « *  ^ 0 .^ 0 . o. © p.
s£> cn ?(N O  ^
* * 
* dr *M o o tiT) rv 'O
S ® 2 © 2^ ©
o ^© !Q
 V *  r V3  m n m t' o> 
r -  oo  m  © m © © © ©
a
Ew
«  XI£ O K O’(Z5 W
x)oo
60
*r- S 'ON i n COs o O s COr- c olO o in OO mo 00o o ino o 5
o o o o o o in
* * *" © ^  ^ $ s”  o 2;
n 3-t" S 005 ?  3© f c  ©
(NCN SOinCN OS or- CNSOin r-o OOo o SOOo oSo o ©o o,
>n mfc cn <^ © >© — ^  3- 3 *5 3"CN © © © © ©
5  s ©  s ©  s
-n<»
•33OO
60
inor\i
©O
so p; o 
© o 2® o
SO
o
V.O ■*
s  go ®
° s
r - <n  oo
* *
*
*
o o?o o
#
*
r -
lO r - o
CO o <N<N (N
© © ©
K g f
r~~ r -  © ©
s S  s
,_s* /_^
o (N * r -
CO l / “3 o o
NO o VO v O
O o o ©
© , © © © ,
3-o
SO
Oi
T3
O
o
00
r- os
SO O  
ir> o o
3 "
<N •— 0 0  
O  O  00 
—  s o  —.
o o
Os O  
00 —  SO) Tt 
O  CO
* * *
* ^  * _  **
i n
C s  *
OV £
ON *  
VO ON r - m)oo r r  5 rh G T tr - ©  ^ o ^ o ’““Js
o s S S d © — O V) —
. 3  -O  o
■*r! U
3  ^
O ' P  V 3 
o i  Z
O
H
c3 -3Se l )31/1 333  33 >x  4T3l—  / s  
3  si_;
1  ^  2 N
C/3 >■<
3 O
o  P8 a fc Io .5
«  32 3
^  ^ 3fl> TO
c/3 C
3  O
*> * 5cdcd o
c /3  , 3  u "O 
O 1>
u  &
"2 °  ’ 
3C 0) •
o p .
CA 3
V) 0)
3  T 3-2 c o  <u 
V  6 0
<5 -o  
t o  «  
3  t J
• 3  a
.2 2 <n 4-i 
> .  O  
3  C  
3  2
coC/3J  TS0 •§
- r t  O
J  e
8  % CL «
• 3  . P
3  T 3
S-S1 -  
1 1  
x  J  
b  «
■a
P  3
a> -D  C/3 cd 0> . , -
c  
<u
cd
8 . 1
s 1Tt\ ^
CL 
X  
O
00 c
o
s
£
TO
§
C/3 2
. . <D
Jo ,3
2  H
■P m
u
E  _ :  
£ d  
D .  VI  a<5 *
o o 
•5 °a v
3  &o *O *
o  „
20
6
Ta
bl
e 
5.9
 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
1: 
Po
ole
d 
O
LS
, 
RE
 
an
d 
FE 
- T
he
 
To
ta
l 
Sa
m
pl
e
— cn in in r- oo
r—i r— ■—i r~- r~-
-  M  ( S  N  ^  VO
© O O O © ©
o  o  o  o  o  o
*oo *
$ 3  °  2 o •
so m—' N- "IT
O  oo oo
a
£«
C/5
-w
OHv
.SH
tda*
CO r - r - OOcn
CN
rO 00O CN vo O mO o © o o
o © © © o1 ©
. . m J  m © o  o  22 o
vo o
o
o '
oo ir{
oirT
(/i
-JO■o
"oo0-
l0 M ^  O N
^  (N  J  C '  OOsO fM so  ^
® O ~  o o o
*  Ti- *  T t *  m
^  o  ^  OO g
c n  £2  cn2 o § ® 5 ®© S o  S o  S
>
U
s
CQ
O
X
£
o
-C£ oj=£ >cn & «a- g c/3 g
e* 2
«) vi_:
1 3
i3  (SI
cn
.£ c " 0) C T3U • —
S  oo 2  <L>bO *-13 ‘E
S UJJs
o fc 
£O cb 
■-C<u h
13 3
g *o  V
O  ^QJ Ofc “o T3Co<3 c1-3
T3 O% feb
3  <0 
<0 00
2 73 fc s=
-fco
CL
X) o0 c  fc1 3<U Xl
—  D
O -o
■S I (/) £- 
>•» 1) 15 ccd C
1 (^U
O ”3 
T3 3  <u o
o  .£
s. 2
i s  3
1 § g  >
1 ^CL o c -s "" c  £ 3
2 & fc x<5 3 -a oo 3 e
c  ^g 3 w £
jo <u
-  £ H
(3
O- —3 'fc 
o ©
3 *
.2 ^  £ o00 ©
nCU J
rS
O
o
V
CL
20
7
Ta
bl
e 
5.1
0 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
1: 
Po
ole
d 
O
LS
, 
RE
 
an
d 
FE 
- M
en
 
vs
. 
W
om
en
©  (N  NO ■—i O  v >
OO CN r-1 T f r—
©  > 0  m  -rt ( N  CN© O © O (N —
O © O © © O
© m r-4 m
—  ON VN CN —  NO
—  f N  ©  NT) NO
©  ©  ©  ©  O  ©©<©<©©©©
(/>
-O
•a
—"©oa.
■—ON . (N 
<1; t J- cO  ©  —
m  —  c o  JT3 °o  g o o o g o  
_ ; © © © _ : ©
CO
*
* 00 m
C^ 5 CO r - C^ J ■rj-
o O
cn
o ©
c<^
© ©
O c> © © © ©
V5
- JO
TJ
—"©
O
0 .
    ^i —i. w . —'— —  M OO NO^  cn p  © U
2 o J o o©
©
©  
• ©
Jt) oo oo>0 O  lO  ©^ ^ ^ ^ O o ©©
, *     __* C' * oo* — 
as  o o1/1 1/1 M If) J  VI ^ © 2 © 2 0 2 o 2- o „ •  o
■ **  r s  co  ■—
M  ^  Nf
co  o  
Z; o ZI-
on    'd-
co  ^  "d- NO — v© ©  O  ©
*
*
© o
*
*
cn
IT><N © ©
© © ©
OO S  ON 
^  •Cf® £ ®
©  _ ;  ©
*
00
t}-
#
©
o
UT)
ON
© ? 1
© © S o
U
mo
X
£
o o
C/5<D
X
-C c^do
JZ1 1 >J3bp bp o ' C/5
'S '5 C/5D 5CX CO=) o o
(N
co  */o r~-
NO NO 
(N  NO CO
CO r -
S '
©
©
to
X (N
<N CO
CnT r -
t o 00 © X (N CO CO CO t o CO X© On CO Tf r - r - Tj- t o coto CO o CN t o X r - t— r - 00 r -©
o © © © © ©
oo
© ©
OO
© © © © CN
© © ©i © ^ o © ^ © © ^ © © ^ © ©
ON 
CO ©  
©  ©  
o o  ©
.!= T3 O
<D
> cd «
" S’ £■O f 3O od Z
3  cd
5  >* 4
T3
cd <+-■ 
C
OO ><
’C
0-1 D
0) "O
o  cdt -eu 3
& E ^ c 
o  *<3 
u  ±3b « o *—
<L> cd
cd
<U
TD
§
_3 ’O
<L> 05
ex 
S2  3
o  P  t  6)
«  <L)-a 00rt * "2 "O
2 t
c /5  o
 ^ p-3 B
X ) ^O o  
V c
t-05 3
C/5 X,5  ^o ^c/T ’55
i> .ti
T3 
O
>. E 
T3 2  c ■£rt
oo . £  
>—I noo «
8 • £&, O
Cp cd
C/5 § 3
05
c/5 X )
V  cd
c3 "Bh> £ o<uVn.* o co *
crt edCX
ino
*&. oX<u
bOc
ooo
2
Vex
**
'$ "o
o
Xa>
C/3
o
on+5 3 Vu J3 ex
H <U *
*
20
8
Ta
bl
e 
5.1
1 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
 
: P
oo
led
 
O
LS
, 
RE
 
an
d 
FE 
- U
rb
an
 
vs
. 
R
ur
al
,_s * ,_N /—v
© © © a - CN oo
© cn oo r - r - ©
r~ © © © m ©
© © © © © ©
©■ © © ©*—- o ©
W
OS
"  t" ''O© a- — o
S  M  O  ( N  ^  «g o o o g oX © O © X ©
C/3
- Jo
’V
o>©o
o ,
M (N ^ o 2 o 12 o
W
u.
o-s 60 l/") ^5  1^1 °? (N (N3" tJ- Jfj © "st ©
g  ©  g  ©  ©  ©S d ^ o d o
oo © * tj- © ©
cn ©  2> r~~ ©  oo
—  <n  —  ©  a -
©  ©  g  ©  ©  ©
? 3  © s  ? sl
© CN * ©T r~) © ^
© © r - a - oo
(N CN © 'd - a -
© © ©(--5 © © ©
© © , © © © ©
ox&
o
'I oX£ cd>C/3
<— i i—  CN•cl O 10 © ^  ©
©  a\ c n  o o  ©  o o
c n  ©  ©  ©  £ ;  ©
©
( S  o o  o  ^  "^  VO 00 CO 'O© © £~ © )0 o
(N  ^  (N  ©  OO© © a- vo © so
©  ©  ©  ©  ©
^  As © 2;
§ 2
°  As °°  S5 ~vo © ©©  oo ©
© iw4 ^  ©^ ^ 3  ,-—5©
©
*
*
C—
__ #
©  “
©
©
*
© © © ©
© © ©
© s © © ©
©
o
o60
©© © 
t~~- o o© ^  
©  CN
■ rf
CN ©  OOr~- © © © © ©
©  
<N CNr- © © ©
o '
©
©
CN oo ©
r~ © ©
©^ ° l ©
© " CN r~
3  3
CM
O
CD
3 w
© £ © f a  0£^Z
<Da
> I
c3 cX
"§3i2 ^  c/3 N;
-£
.£cu
t -'■o
>  cd
a a
CD CD£ cH <L>
<£ g 
o-B
t  O° -3O T3
O  "  -o §“
" §3 &>2 w ’a  6 0 -
2 te c -o « c 
- a  10 Id 60 a .. •a -a
C <D3 td
C/5 O „_, Cl­
ew u
a  *-
• §  Q
>5
"Dca
15 xS -
*  cC/3 •£
i—1 ©O «
o  c
O ■ -
CL oI- i2id ^
^  s
.  C/5
co 45
u  ©  C/5 X3> a & ‘b
C ?3Q.) >c3^
 5
C 't*
0 o
1  VCL
2 o-
t  XCD (U
a x 
c *I  °
?  £
jo <D 
fii X
<=o ©a °a vS' CL
o *
20
9
Ta
bl
e 
5.1
2 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
 - 
Se
ns
iti
vi
ty
 
An
al
ys
is 
(T
he
 
To
ta
l 
Sa
m
pl
e)
CN O  Ov CN
cn T f r -  oo
g  n  ^  —  o  n§ 9 5 = : ^ ^■ O  o  o  o
5h "fr O 2?^O ^ooO o, ^ ^  ^® o 00 o t  o
>- -  d
C/3
- JoT5
©oa.
M  . .  O  O ' ' tZZ f-J "t o 00S (N ^  ’— O r<1
®  o  c r  o  o  o CO O  '" o '4?>1 —, O
i n  o  *  as ai jr
2 2 ®
® § 2
'i-M3
O
VO VO — O 
O  CNO o ® Z — o
obcoU
U
i03
01
o
X O
X£
~aoo
Gfl
c l ^ . £
rJi O "S
I s  sk ,  X
C O  a!
<L>
QJ C/3
fc £o cl
o 2  fc edu ts « — ’S .5
eP ^
~  eou <u 
fc c 8 •£ 
O  -S_I w•C3 rts <*-g  O
u  Srt o« '5b
co (U ^ l-Ho „
S 2
"H 2
•rt ^  cd
S ^cd i—
to  ^
t t  cd 
cd a>
S ’S 
' .2 §  
cd X  > o o 3 ■—i 
13 13 <L> c
& g>
Cd *
13 ’c  
C  3  
8>*
■rt OCO v  
X  CL
_  o  
o3 o  o  § * v11/ / —  <-w 
CL O *u *
<u rt* O
C  C5 
O V 
CL
X
o4> _£  -OT ..H o*
_  CL *
21
0
Ta
bl
e 
5.1
3 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
: 
2S
LS
3 § §
Ov tTcn cn Tf <No  o
O oo r-~ cn 
CN CNo  o
o
©
3crW
oa x
r-CNr-
SO
©
© © © ©
4^-©
Oo
* ** _**cn s  acn ir, (Noo
r-* ^  o
o S o
* *
*
S n © <=2 
-  S ©  £ -
3
3
Cw
■o h , A
rv <*>3  *;
<u
3  (U 
3  W 3" C5
od E
*d ^
N :  Q
E <u
M 1/3p <u 
tS  o
5 ^
oo
©IT)
c n c n VO ■^t
0 0 OO ^ t,— c n
© c n
o "o
©
cn N- - /vn o oo CNr - oo O n r-
© ON cno CN < N cn
o * * om * /—s * —^N ©
r - © ©
*r - oo ^ t--t— r~- ©o s—^ NO r -  10 © v o r - cnNO ON NO cn ^ o O v VO VDNO NO © ON o vq cn CN
© CN © S -  © © © oo CN '3r
©©
o
•cf '—'cn t— C-- cn
Ov © i—i ©
cn ~ oo^
© CN cn in
©©
©
OV '—' VO
OV r~- N-
VO O v oo © ^
© “© cn in —
f t , cw  l+_ Q
^3 o  O --S 3 ■£ r. -3 v- -*-* v- cs
Ctf C/3 >
3  X) >-| S  £ 8
o i  t u  Z  O
II
P5 °2 o
©i o 
CN cn ©  ©  © ©
*  VOcn pi 
2  o
2 ©
>
£
x>
CN "3"r~ rt-STt ^ f
CN CN
vo r -  vo >n
oo m CN — VO CN
<D3 >
O ' ^
c< O
in cn ©  vo ©  ©  © ©
cn e'­en r~~ © o © o
00 VO ©  ©  © ©
r-~ o v
VO T f© o o ©
>
£
X )
©
OO VO T j-
S '
©
©
cn ✓
O v CN 0 0 C N
© r— O v
v O © o \ in
© oo CN in'
S '
©
©
©3- vo r - cn
VO oo VOin O v cn CNo VO CN 3""
S
©
©
t-~ C— cn
© OO ©
VO O v oo
© VO cn i n
T f CN v o  
■3 - Ov —  00-^00©  
^  ^  ©  
©  —  i n  —
TJ
V__/
(VI
N :
C/3
OHc
3 3 
O S 'S£ ^ t -
1 * x 
" '3  5
c </3 .JE <U
Ta
bl
e 
5.1
4 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
: 
H
ec
km
an
 
Se
lec
tio
n 
M
od
el
o o  o o  c o  „  O
~  C O  ^  < N  ^SP o 2 o <>
Os s t r -
00 co Os
v s v s
0 co 0
d d 1 d
a«£i
O O
S 9 S 9 S
© w  © w  ©
© ^  ON o
5 ^ 3 ® °  d S d  3 9
c©
ascrw
oj=5
09
o
£
S t  S t  O st ^  "Ct-
,__,, ,—, ,—,, * ,—,
v s CN CN CN CN v s OS
S t r-- co CN co r-~ v s
s t 00 sO VS 00 CN r - ■St
O 0 © O ■—1>—1 CO 0
O d d d d d d 1 d
Os' 00 Os Os v s
t " 0 00 V OS
s t s t 0 CN
0 O O CN 0
d , d d d d
„_, ,_, ,_,* „_„
o s SO v s so Os CO v s OO
o s CO co CN s t r~- v s CN
v s 00 v s V CN s t s t s t
0 0 0 0 •—1 i—1s t O
d d d d p d , O1 d  ■—'
so 0 0 so CO CO
0 so CO t~- r- VS CO
CO 0 CN CO VS V S t
0 0 O 0 0 ■—10
d , d d d d , d d ,
,_, * * „_, * ,_s
CN so OS vs OS S t 00
O SO s t so 0 r - s t
00 O VS so s t sO s t
O 0 CN vs 0
d d d d■ d d■ d ,
CO s t sO
00 v s r -
s t 00 co
O CN 0
d d 0
* _ v ,__, * „_s
CN r - O' CO CN CN r-~ S tOO s t OS SO O v s CO
CO 00 CN s t CN s t o s s t
CN 0 CNt—i 0 O CN Od d d d, d d d d
oo
os Co S ,°° t" rN — (N ?  ^N O t  9O ^  2
„_^ * * ,_N* „_„
CN 00 r- s t V 0 00 OS
OO Os Os SO 00 SO V 0
SO V SO CO SO Os CO
O 0 O O •—1 O s t 0
d1 © ^ d 1 d ^ d d d d
E
_©
"aEM
£ £ 
"O <5 "75 cfl r t  _q
£ O
XW
T) B
fi .2 rt -5
2 §- 09 W
o
$ o-C£
U
s
09
Offi
£
RS? m  cn v s  © 2 o I£J o
©  cn tL  o s  c o  s o^  ^  2  ^  ^
cn cn £ }  -rt- s to o 55 o o o
00 O 52 SO CN
0 O' CO s t r~-
CO O CN S t VS
O O O 0 0
©^ O d d1 d
n 3 °° f~St N ^  ri.g o S o J J o
N  ^  O  ON (N2  cn  -si- r~- o og  N «  "  O M§ 0 5 9 9 9  
d S d  S 9 S
o
$
<N
s t
O
o'
x>O
21
2
i n  i n  ' t  (N oo
vo r o  oo r~  r-~ i n
r-- vo vo c*v m  ovo o o o o o  o o o o o o
vo VO —
lO 3^  
O  CN
 ^  ^ r*r\ v * ^ I v I5 1 0 ?® ts (S r-’Vf to O'
S o <=! <=J =! ^ o ^ o o o
Ov oo 
O  OV
vo ov
O CN vo — O i/V
o o  - h  n  - i  v j -  r ^
vo lO ro 3 1 CN {VI
O O O O CN ;
0 0 0 0 0 0
Ov CN 
_  , , O —
ov n  ^  c n  ooo o o g o
o o o  g o,
—  r -  o — 
vO —
VO
O
—  (N  ICl ICl OO
■—' r-- •—' 3 " r-- t~~
—  C3  CN CN Tfr v oOOOOOO OOOOOO
13
3" 3"
00 00 
U"V 3^O wT
H
S o 
3
0 S
u
S
CQ
O
X
£
o
.0
-s
o
JZ
£
33 2 3
O
f
. 3  "O o  
* £ h> c3 W
V- 3 X> u o' 3^  ST c 
O eS Z
c3 > 
I  3
1  oCtf t+J
(X) ><
U
CJ-■ s
S 8
I  &■> -V
c/5
i f
C CO 
®> —> 3 
' 00 - r
<2 S » 8 B c.3  u
*-> T3
<5 'K
°cS
§ 0  
*3 C 
jo o
13 '5b 
t  So  ^
o1- c
o <u
s I
•21
£ «» v2 15 c
cj o 
o -H fc 30 aO 3  
35o vc S'2 U >>
■a - -a 
0  c CA 3  3
3 2 x>
o M o
3  u  _22 SP c 
& § 
S |  §
33 C  Ofi 
fS B  C•3 °°'>
§ oo j=
cn
-a iz
^  3
3  X) 
3  jo
O
£
CDx:
3  
35
§ O 
C/3 ^ 
. . O 
co -3
<U E-h
3  
&■ ■ 3 "t0 o
8 *.
33 *
1 ^  
•s <=>
2  O
J va
« *
■S -
.£ o  
c  d
2  v 
&
21
3
3+ *
3■<-»tfl
A
"rta>
M
'O0)
uo
aa>
£
a>c/3
>»
-O
-w
3a>
a
*ats<
"rt
3©S3
3u
3'O
W
-a33
a>
OX)
<a>
OX)3&*©
>
a>33
H
in
•■N
-a
30)
aa
E
du
ca
tio
na
l 
A
tta
in
m
en
t1 
M
ea
n 
(S
D
)
3.
70
(1
.2
1)
3.5
4 
(1
.2
3)
3.5
8 
(1
.3
5)
3.
29
(1
.1
4)
Ag
e 
(in
 
Y
ea
rs
) 
M
ea
n 
(S
D
)
34
.27
 
(9
.7
4)
35
.9
0(
10
.1
1)
39
.6
9(
10
.0
0)
42
.46
 
(9
.1
1)
SR
H
S
ex
ce
lle
nt
go
od
fa
ir
po
or
.M*j *cc o
S M
1  2eg 3
£ u
>>
o
£>
rt rt 
T3
r /j  cd J. O
ffi ^ 0 » 
W> c
tzi u  C tU)o Crt rt_rt >-
3 £r= <D 8 £ tC
_ *5
5 £
= £ < B
<L> SU 3 *- -rt 3 rt3O U
00 -
3a
3
-3
W
'O
33
«OX
<
©
OX)3Sm©
►
©
,3
H
n
in
#*
-3
3a>
a
a
Ec’rt p 3 i/3 < w _ e
r t  r ta "
.2 S
o
aD.<
C
21
4
Ap
pe
nd
ix
 
5.3
 
Th
e 
Im
pa
ct
 o
f 
SR
HS
 
on 
W
ag
es
: 
2S
LS
 
(S
en
sit
iv
ity
 
An
al
ys
is 
Ba
se
d 
on 
A
lte
rn
at
iv
e 
In
st
ru
m
en
ts
)
o VOr^voo
o o
O s  SOr-~ o
CN OOo  o  
©  ©
C/3
-J
C/3
CN
Tf- so
m  CO 
©  CO 
©  — 
©  ©
r-~ i n  ^ o 
cn r -  
©  ©
c
A
S
C“
Ud
!/3XX
C/3
cnf—UN. © ©
in o OvUN VOCN
© CN O
* *
* * ,^-v
CN r - IN
un CN VO VO
CN CN Oo o O O
o o o O
r-*
o
aT
n-
o00 s—■/Tt r- r-
VO o N-
o o o
*  *
s o  m  o s  i n  
O  t  SO c
CO ©  CO ©  
©  ©  ©  ©  
©  ©  ©  ©
—  SO— O' 
©  © —  ^  >n co  C" t— cn m
CN ©  CO ©  
©  ©  ©  ©
©  ©  ©  ©
OO so
CN ■'t 
©  ©
* #
* *
* *
N vO Ov
Ov VO CN
<N O CN o
O O O o
Oi o
a
3
U"a
1 -S? 05H C c-s £
3  8  £  >
v «3 ^  x
o i X  X O
©  o
CO w  Os CO 
OO CN ©  — ©  oo^ ©__
©  o s  cn"  i n
o'
©
©s—^
v o 00 CNo CN 00 O
1— 1 CN
© CN CN VO
/_^
* * ©
vr> t o * * ©
OV 00 * * ©
© ^
©
© ,
©
VO
r -
CN
©
OO
©
UN
CN
CN
©
vo
vo
©
©
OV
VO
OO
©
r -
UN
vo
r -
00
UN
©
vO
© © © © ^ © © ^ © CN N -
S '
©
©
s—^
fN r - ©
Ov Ov
© uv UN
© CN CN vo"
©©
©
CN w uv
r - vO r ^
00 Ov
© CN
© Un" T-H
«  ^  §  ^ -S 2 s*_> V- COrt cn <D >3 © -3 t-
i U5 3  -O
K f c Z O
_c
3CDu-*0
0)i-
Oh
 ^ H
;> « "5 "5
•S -Cc so E
•a 8?a c 
<§ 3^  cn<D 1) 
£ £
co*ao
fc co .5O C3)- t2 O 3
S § 
J= -2t"!
£ s
cd(DtO 
o
o
>>
T 3
Cci3
T3 6J0 8 10 3 i-T
2  M O ..t ”3 5 4>
■sico a  -o u c •- ■2 ocn —
£ -O
O  cn 
£S O 
§ E
S "OCO 
1/3
hJ _  
C/3 —  
CN O
•S’*i  g 
D S
• W
C/5 fl> <D ^  
C/5 .O
* c
g. o•S t3
£ § g a t xCD CD T3 60 .£ •O £ 
o
3  O
?o . O © 
f t V
<= )Q O o'5 °g, v§*  ^o * o * o „
21
5
Ap
pe
nd
ix
 
5.4
 
Th
e 
Im
pa
ct
 o
f 
SR
HS
 
on 
W
ag
es
: 
H
ec
km
an
 
(S
en
sit
iv
ity
 
An
al
ys
is 
Ba
se
d 
on 
A
lte
rn
at
iv
e 
Ex
clu
sio
n 
R
es
tr
ic
tio
n)
r- oo m in ooO vo oo m oovo o in cn mo o o o oo © o o o
a
P
oo IT) VO
1  E 
x l
ON 0
cn
<N Os O O00 r - 00 so cn r -t -
0 0
in
0 O 0 0
0 0 0
O 0 0
OH
(N  „  3 "OO g  VOm m9 8 9Op®. ?§
a
3O'u
~aoooo
CO oo o 99
* * *
*
*
_ *
0  *
_ *  
CN *vO sO ^ OVcn On 00 O  ^in Os P  CN
<0 i> ■ s o ■ VO
10 0 S o S o
o vo ©,
O  vo
M o  9  ®
o
p
OV PTS 3- o . 
O  3 "  “  CN © ^
VO 3  £ ^  VO CN
O n
O P SVOO 3 -  ^ ■3" ’ 3" O CO ^ 3-VO
O ®  s 0  5 O CO O  3 ;
S S
VO
O S o S o O O vo"
m vo
OO ( S  5  (N O ^
cv C  .2
1 >. U."T3 0)
P£ o
E
_©"5.
eEd
Ed
•a
a
3173 £ £t/3
3 "  3 "  3 -o m m
•— c o  3 "  
—  —  O
* I—T * S 00 SPO  o  Ov 3 "<3 3" o ^
* /__^ *
10 * (N CN 00
00 00 in cn
0 r - Gs in0
rj* n- 0
0 O O O
^    * / # / _
ov *  —  *  ov r-~ vo
—  m  ft} vo r~~ cn
o  £  O v j o  OV Tj- i n" ^ O ^ O f S O.00 •0 ^ 0 ^ 0 0 0
t— C3o <7v
O CN 00 
3 "  —  v o  r— Ov cn 
0 — 0 
c> ©  ©
■aoo
00
P O
_> 3  
'O  3
4>U t4_, o 
o  V  e &< 
o  *  
So Po 22 1- otS o
c  V <L> O-*
03 P  
- 3  °3  V
I * 0 -s s
53 » 2
o g6b .2<u o
W)
(U o
00 M
X) ’>  
S  3
££. SX.P « £
-  §o p
t  o
3  £  P 04-
t/3 O
"a> o  ”3 .£3 
O ’55e *-•■a>"5 => 
.£ *■a  ^u > 
T3 <— 
3  O 
O O
’I®
X) c  3 J2£ £ 3  > .> o
D-
2 S 13 u
1 §exp 
X cd a> cl
. 3  o  
£ ®2 2 O "o « p2 S
H o- p
21
6
Ap
pe
nd
ix
 
5.5
 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
 - 
Se
ns
iti
vi
ty
 
An
al
ys
is 
(M
en
 
vs
. 
W
om
en
)
e  wej —e «
I  1
OO O  — VO (N
S n O (N 't VI§ O O O O O
• ©  ©  ©  o  ©
m cn -rtO r-~ t" ?  - -  o  o o  o 0) CN
o  o  o  o  o 0) CM >“ 'rtr
v o  ©  *  ©  „  m  o  o o  ^  ic i  o o  \ o'o S mo  o  !£} o  1 O  CM
Z  T t
s  s  a  s  $ $
©  ©  S  q  g  3  
©  S o  S o  S
Tt 03N5 £o 2
cm cn ^ S ^o  2  o <u 00^  vo >" in’d
S — i; ooO  M-) ,—I2  o  3 ;  o 03  O  1) 00
Z irT
*
* * *
* * *
r - r - r-*
CN 0 0 NO n o ON
NO IT) r - CN NOo oCO O oo o O o © © ^
O  cn o » o
Z  vrT O
o
s03
OX
£
o
X£
U
Xo
CS
>
fc*ortcrt
a . ' 
X . W ’ O  r tZ  £
"Ooo
00
rC = ,<UV . X>-Q
oa
c  o  oZ "o'
00 ’ q
rt X
3o
X
1) £2
c  g  
. 2  TS
J2 x o o tO O O u 
u- O 
O C 
fc «W  C/3
,o  3
a q
> v
"O
■2 § 
r t o
§ t
u  ^„ e a ©3 °o uP ■» 
00 00
I > 
rt 
X
8  3
1 * 2 o£ *> V.C* <u
Q N
O
■ V  a
J5 |
$ <0
o
©
Va
S i
2
1
7
Ap
pe
nd
ix
 
5.6
 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
 - 
Se
ns
iti
vi
ty
 
An
al
ys
is 
(U
rb
an
 
vs
. 
R
ur
al
)
m  g  c n  i nS 9 § 9 S °  o  _c o  _• o
o bo XS o &
r  {I-} NO r-o  '—1 lO
g o 2  o ig o
o
O f N *  
(N (N ^O o  52
O n  C O  VO 
t -  N" OO 
rj-o  o  o
0 0  *  ON T f  OO
v i  m  o o
CN CN ^© o  g  © o  o
©  ©  d  ©  ©  ©
v o  o n  *  m  O' >0 S os 
ON T f  °2  CN
^  9  3  9  
9 S d  S
M M w
ON V£) T f  v o  ©  v oo  t  o  5  o Tt c*-)O 9  t" 
>- ’'t o
CN1/3 9 <"U ^  in 
>* ©
<N
* ^ *
s  ~
*.__ *
rT* 00CO m ^ IT)OS IT rr r-o o ^
s S
q $ o oo1 s S o Z 5 otT ©
* ** m * Ov * or - o ^ <Nir> to £ )o ® o O
o o o s §
NO 
CN CN 
CO f NO
o  i n  n o  
^  NO O
CN 
CN CN
<o r -  n ou lOlO
no ©
o
Z
u
iOQ
O
X
£
o
j=,5
o
f orC£ cd>oo
cd
c3
>
ort
c
cd . ."E, ^
*  V  
W  -Z
~Q
O
O00
0)
O U
. 5  ”0■ts «CO
>  cd
M ?
O  aS
C rv
Z o> 
00 g  « * £ 12 ■3 o
g  u
C  ^■c 3* if li ^
t  °c5 <u
« c
8 2 3 £ 
0) 0>
5 g 
8 £ i  .£
«  cd
C/3 ©3 rt 
W  • r t
.a S1/3 • r t  
>* r t'E 2c .3rt T3 «
ex, >3
g-g
feb §
- OW) O 
cd
^  ~o
w  C
> w)
c
'i
1> -3 ’3 O
V
c x
* ?p ,r ovex
o
©v
CL
21
8
A
pp
en
di
x 
5.7
 
Th
e 
Im
pa
ct
 
of 
B
M
I 
on 
W
ag
es
: 
2S
L
S 
(S
en
si
ti
vi
ty
 
A
na
ly
si
s 
B
as
ed
 
on 
A
lt
er
na
ti
ve
 
In
st
ru
m
en
ts
)
s
OS
00
1 °§§
ea£>
f" Tt O' oo 
O  T-l
o  o
1/3
- J
C/3
<N
NO
O
O
ON —.
o  r-~
—  CN 
O  O
— t~~ 
CM M3o — 
o  o
s£
'■C9»s
Tw
C/3as06 g
C/3 , 0
CN
M3
ON
X "
NO
d
CO <—
o  d
co  O  
O  X -
d  d
NO
d
"T3 i—i
X) ^
^  X  >< Q
*  CN *  X-^  cm m-
o 2 o
ON *  
ON 3  cnI N
® (Cl ^ O
^ g dd  S d  s
*  NO *  o  ^  ^  rn £  £2 ©  ©
O 'u
NO o  
T t  W  ON oo On O Nf —1 oo oo X; 
o  h cn't
On 'c i I ‘ CO 
O  ON 0 0  ^  
CN r-J NCI CN
OO —
(N no O  CO 
ON NO —  O  
-  CN °° , 
O  —  CO NO
06 u.
° '£U cd
£  fc 
s s3 M3z  o
g
'O
"3 ,2
is> B
■§ « .fa O
c  C
> 3
bo $
. ^J5 0^  c  u o
£ *5b
• r t  <L>
»-
>-»<U -!->> c 
o  u  
c  E 
o  c 
•■5 ‘«j -2 ts
03 3
Si
•ff c  o
03 3
03 ^ 3  
■£
~ &(S 3Ml O
o  feb  
S  u  £ 00O cj 
O
o  S344 'O"O c
W <ug oo 
<L> tzf ■ 
c5 I  
55 os - O ^  . t  - o
03 u  
T3 d  ,
!s °
£  »C N-
O  C00 o
C/0
3  3  • 
M3 .O8 “
53 -O
“  C
O  O  
-  M3C/3 ■>-> 
C30 ■-
!" §§■§
3 1
C/3  d  
CN o
*- 42•S 13
c ^
D  c3
s  J
C/5 _ Q
* 13 303 >
c5 ? o
& 5 
.2 3  
£ § 
8 "a0 S 
■p w>3 .£ 
c ^1 ®bo "o 
£  H
03 .
§ ^2 C1-t3 * o. -
o o
8 ?T3 5^-
O *M3 *U
CO
3  O  
2 Ov<U £1,
M= ^
21
9
Ap
pe
nd
ix
 
5.8
 
Th
e 
Im
pa
ct
 o
f 
BM
I 
on 
W
ag
es
: 
H
ec
km
an
 
Se
lec
tio
n 
M
od
el 
(S
en
sit
iv
ity
 
A
na
ly
sis
 B
as
ed
 
on 
A
lte
rn
at
iv
e 
Ex
clu
sio
n 
R
es
tr
ic
tio
n)
o o Ov
ON oo Ov
CO co VOo CO o
© oi o
a3
E _ 
u  g
- £
OO m  O  _
O w O w ©
VO /n| CN 
-  CN O
O
©
3
CTw
o
f
o
43£ o
£
O "tf- — "t
CN O-
,,__, ,__„ ,_, * ,_^
CO VO o o -^- Ov oo OVr~o CN lO oo lO
VO oo lO »o co CN oo dt
O o o o ’—1 '—1 o
o o o1o o1 o o1o
OV * o \ Os CO vor~~co oo r~- o oo N"r~
CN ' t -3- CNo o CO o o o CN o
o o o o o o o
r~- r- 
vd ^ 
VO vr>
„_s ,_„ ,_s * „—s
vo CN oo dt r- OV o
r~ CO CN CN ov t—
vo 0 0 VO VO ov ooo o o o CO o
o o. o o o o o1o
r - CN o ov o r~o vo CO CO 00 r- OV
CO o CN CO vo oo COo o o o o '—1 ©
o, o o. o © cd1cd
Ov — 
CN^  
CN Tf
,_, * ,_^ /_v* ,_s
ov vo dt CO ov
© ov dt ov o - © r~~
oo © VO © ■ct CN v o
© d-> © CN CN o
© ^ ©1 cd©1 © © © ^
CO oo ©
oo Ov oo
d t r~ CO
o CN ©
© o © ,
Oo
© ,
o s  co  
^  O
OO
o v m . ,  ( N O O C N O V h  VOICI'JOVCS'-CNVO
C N O g O O  —  CO ©  
0 0 ^ : 0 0 0 0 0
S '  CN s vO ov © vo-d" —1oo vo oodH O CO VO CN oo
o  o © CN © CN © ©
s  s © © © ^
v doo s ©1
OO v} M  -  v o  OO h
o s  so  vo  co  r -  ov ov
«  vo  m  ' f  o> N  n
O  O  O  •—1 O  CN O
o o o © © o o
s
>>
_©
"a.sw
>
3>
2-J
1 > . 1-4
-T5 C/5
£ o
w
■a a 
a .2Cd
S 3a*wCfi
o
43&
C/0
-4 -2cd i2 
3  co-a _
• >  5
•S  E3 -<D <L>
> gw> <5cd 3  
1^  CO 
Ol-I i-
c o  <u ***
'  I « .2o ’5b>  ^o *-
S3o■a
.3 o 
d2 2D Cfc 5° so  cd
cdco
cdo3
"O uo  cd 
„ a> 
C l ^  3o c
feb  ^o -5
(3 § -o o c o1 )  CO 00 (50
£ 1“O cd 
OS 43 
OO ,l_r
-d ’£
<U 3
O u, 
p .  O
S £
5:3 §° o ^
>> 43
© 8 1/1 2 3 £
CD C  
>3 <D
ca E1/3
J2 o
p „
d  u  ^  > „ O
fr s &
i  §"^^ o o 
f t  ^  o
x ° v% 'fttw-2 „
.E  2  *
SJ <5 -
/-v C/5,2 3  ©  
O o o 
^  - a  V <u 22 cl £ •£ * 
*■" c **-■ it
22
0
Chapter 6 Health Related Behaviour and Labour Market Outcomes in China
6.1 Introduction
Drinking alcohol has been traditionally accepted in China during major social events, 
such as the Chinese New Year, wedding ceremonies and birthday parties. 
Furthermore, the rapid growth in the Chinese economy has been accompanied by 
noticeable changes in the alcohol consumption of the Chinese population (Hao et al., 
2005). Alcohol is commonly used, particularly by men, to facilitate social interaction, 
maintain good relations between supervisors and employees and to promote 
friendship among colleagues, since these often eat out together after work or hold 
business meetings over dinner (Hao et al., 1995a; Hao et al., 1999; and Cochrane et 
al., 2003).
Figure 6.1 presents the adult per capita alcohol consumption across countries 
between 1991 and 2006. Although per capita alcohol consumption in China was still
i o o
low compared with developed countries, it is growing faster than other countries , 
which is accompanied by the fast economic development and increase in average 
income level (Tang et al., 2013).
In the Chinese culture, women are discouraged from drinking alcohol and from 
smoking. As shown in Appendix 6.1, both the percentage of lifetime abstainers and 
of abstainers (who did not drink last year) in China are significantly higher than in 
other developed countries. Hao et al. (1995b) examine reasons for drinking alcohol 
among the Chinese population. They find that women were much more likely to 
report being sensitive to disapproval from family and peers, whereas men were more 
concerned with health and finances. As expected in many countries, reasons for 
drinking are: alcohol’s positive social effects, relief of tension and worry, and relief 
of craving and withdrawal symptoms (Cochrane et al., 2003). However, as in many 
other countries, excessive drinking in China has shown an association with both 
health-related problems such as alcohol related liver disease (Lu et al., 2004), and 
social harm such as traffic accidents and work-related injuries (Zhang et al., 2007; 
and Cherpitel et al., 2012).
138 Note that in Figure 6.1, the alcohol consumption data reported from 2000 onwards have been 
calculated using a different source. Therefore, the decline between 1999 and 2000 may not necessarily 
reflect a real decline in alcohol consumption. In addition, both the early period (1991-1999) and the 
late period (2000-2006) show an upward trend.
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As argued by Cochrane et al. (2003) and Tang et al. (2013), China does not have 
comprehensive public health policy to deal with these problems. According to 
Appendix 6.2, many aspects of alcohol policy are weaker in China compared to 
selected countries. For example, China has no enforceable legal drinking age and 
does not regulate when or where alcoholic products are sold. The substantial 
economic and political reforms currently taking place in China which are aimed at 
achieve balance between economic development and public health and between 
short-term and long-term alcohol control strategies (Tang et al., 2013). A better 
understanding of the relationship between drinking behaviour and labour market 
outcomes for the Chinese population would make a contribution to achieve these 
balances.
Similar to drinking alcohol, smoking is much more accepted for Chinese men than 
for women. According to Appendix 6.3, there is a very high prevalence of smoking 
among men (51 %) and a very low prevalence among women (2%) in China, which is 
similar to that found by Levy (2006). Moreover, China has the highest male 
prevalence of smoking and the lowest female prevalence of smoking among the 
seven countries. However, recent studies show that there is a declining trend of 
prevalence of smoking for both genders. For example, using data from National 
Health Service Survey 1993, 1998 and 2003, Qian et al. (2010) find that the 
prevalence of smoking decrease from 60% to 49% for men and from 5% to 3% for 
women between 1993 and 2003. Pan and Hu (2008) using data from the CHNS also 
find a trend of decreasing prevalence of smoking between 1991 and 2004 for Chinese 
adults.
Compared to many other countries, smoking is a social custom in China and it is 
unique to Chinese culture. Giving cigarettes at any social interaction is a sign of 
respect and hospitality (Leo, 2006). According to Pan (2004), there is a special group 
of so-called ‘social smokers’, who smoke only when they are with friends in social 
settings where peer pressure is very high and smoking is important to reinforce 
relationships. Moreover, cigarette offering, along with alcohol offering are two 
typical social necessities and are highly important social function in building or 
maintain connections in China.
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139According to the Chinese Association on Tobacco Control (CATC) , China 
comprises 20% of the world’s population but currently produces 42% of the world’s 
tobacco products, and consumes 31% of the world’s cigarettes (or 1.8 trillion 
cigarettes per year) Facing this increasing public health problem and pressure from 
the WHO, on October 11, 2005, China became the 78th country in the world to ratify 
the WHO Framework Convention on Tobacco Control (FCTC), an international 
treaty intended to reduce tobacco-related disease and death. Under the conditions of 
the FCTC, China is required to completely ban promotion and sponsorship on radio, 
television, print media and the internet within five years, as well as to prohibit 
tobacco companies from sponsoring international events or activities. China has also 
resolved to ban all tobacco vending machines, as well as smoking in indoor work 
places, public areas, and public transportation vehicles (Miao and Wang, 2010).
Based on the same survey, the CHNS, which is used in the previous two chapters, 
this chapter examines the effect of drinking and smoking behaviour on labour market 
outcomes (measured as employment and real hourly wages) for the Chinese working- 
age adults and it has several key advantages. Firstly, this chapter serves to provide 
more empirical evidence on the relationship between health-related behaviour and 
labour market outcomes for the Chinese population and adds to the international 
literature in this area. Most of the studies relating to the impact of drinking and/or 
smoking on labour market outcomes focuses on population in the US and in many 
other western countries such as the UK, Germany, Canada, and Australia. To the 
author’s knowledge, there is no evidence for China except for one study, Lin and 
Chen (2010). However, instead of using a more representative sample, their analysis 
focuses on a special administrative region in China, Taiwan.
Secondly, this chapter contributes to the literature in estimating the simultaneous 
effect of drinking and smoking on employment and wages. Previous studies usually 
concentrate on the effect of drinking on employment (Mullahy and Sindelar, 1996) or 
wages (French and Zarkin, 1995; Hamilton and Hamilton, 1997; Zarkin et al., 1998; 
MacDonald and Shields, 2001; Tekin, 2002; and Barrett, 2002) without controlling
139 The Chinese Association on Tobacco Control (CATC) was established in 1990, composed of 
members o f the voluntary sector who are willing to work on tobacco control activities, including 
academic, social and mass organizations. It is supervised and administrated by the Ministry of Health 
and Ministry of Civil Affairs in carrying out its professional activities. See: 
http://www.catcprc.org.cn/index.aspx?language=en. [cited 24th May 2013].
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for smoking status. There are relatively few studies that examine the impact of 
smoking on wages such as Levine et al. (1995), Heineck and Schwarze (2003), and 
Lin and Chen {2010), where Lin and Chen (2010) is the only study that examines the 
effect of smoking on both employment and wages. However, drinking and smoking 
are highly correlated, so that failing to control for one when estimating the effect of 
the other might lead to biased results (Auld, 2005). Studies that investigate the 
simultaneous effects of drinking and smoking on wages include Van Ours (2002), 
Lye and Hirschberg (2001), and Auld (2005). To the author’s knowledge, there is no 
evidence relating to simultaneous effects of drinking and smoking on employment.
Thirdly, the panel nature of the data is used. The RE models yield estimates of all 
coefficients even those of the time-invariant explanatory variables and it is more 
efficient than cross-sectional models. The FE models are advantageous to cross- 
sectional analyses as unobservable individual factors can be controlled for. In other 
words, if unobservable individual factors exist that are correlated both with health- 
related behaviours and labour market outcomes, the use of cross-sectional data leads 
to biased estimates.
A number of studies have employed an IV method to address the endogeneity of 
drinking and/or smoking, such as Mullahy and Sindelar (1996), Hamilton and 
Hamilton (1997), Macdonald and Shields (2001), Barrett (2002), Lye and Hirschberg 
(2004), Auld (2005), and Lin and Chen (2010). However, these studies do not 
typically perform either a test of endogeneity or a test of instrument validity. Other 
studies fail to employ the IV method usually due to lacks of valid instruments such as 
French and Zarkin (1995), Zarkin et al. (1998), and Tekin (2002). In accounting for 
the potential endogeneity of drinking and smoking, this chapter adopts a Newey’s 
(1978) two-step and a 2SLS method to estimate the effect on employment and wages, 
respectively. The instruments used in this chapter include variables measuring the 
share of the respondents’ working-age household members with one out of five types 
of drinking frequency, and two variables measuring the average amount of alcohol 
and cigarettes consumption of the same household members, respectively. In 
addition, both a test of endogeneity and instruments validity are performed based on 
the two estimators.
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The fifth advantage of this chapter is that the analysis is carried out for sub samples 
within the Chinese population, and it is therefore be able to explore the differences 
across genders and age group. One of the focuses of this chapter is on the gender 
differences in the effect of drinking and smoking status on labour market outcomes. 
The existing literature mainly focuses on gender differences in estimating effect of 
drinking and/or smoking behaviour on the labour market outcomes, although the 
results are somewhat mixed. As discussed earlier, Chinese women are discouraged 
either from drinking or smoking. However, both of the two behaviours serve high 
import social function in building or maintain connections, thereby facilitating 
promotions and raises. Another focus in this chapter is to compare the effect of 
drinking and smoking on labour market outcomes for the young (aged 16-45) to that 
for the older (aged 46-59) working-age adults. Mullahy and Sindelar (1996) point out 
that both labour market and drinking/smoking behaviour are generally qualitatively 
different across individuals at different age groups, so that empirical analyses should 
consider age groups separately. In other words, the underlying question is whether 
the young and the older working-age adults would yield different results when 
examining the effect of drinking and smoking behaviour on labour market outcomes.
The structure of this chapter is as follows: Section 6.2 provides a theoretical 
background and reviews the results of previous empirical research. Section 6.3 
presents the data and variables, along with the econometric methods used in this 
chapter. Results are discussed in Section 6.4 and are followed by conclusions in 
Section 6.5.
6.2 Theoretical Background and Empirical Evidence
6.2.1 Theoretical Background
There are several channels through which drinking and smoking behaviour might 
impact on labour market outcomes.
Alcohol consumption could influence labour market outcomes through a health 
channel. There is a body of medical literature documenting an inverse U-shaped 
relationship between alcohol consumption and health (Beaglehole and Jackson, 1992; 
Boffetta and Garfinkel, 1990; Doll et al., 1994; Marmot and Brunner, 1991; and 
Shaper, 1993). For example, light or moderate drinkers have lower risk of
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cardiovascular disease than either non-drinkers or heavy drinkers. Moderate alcohol 
consumption may be actually beneficial for health by reducing the incidence of 
coronary heart disease, relieving stress or depression, and improving cognitive 
performance (Baum-Baicker, 1985a; and 1985b), thereby positively affecting labour 
productivity (Tekin, 2002). On the other hand, the harmful health consequences 
associated with alcoholism or excessive alcohol intake, which involve 
gastrointestinal diseases, heart disease, endocrine and metabolic disorder, cancers of 
the head and throat, and psychological and cognitive impairments (Last, 1998; Lye 
and Hirschberg, 2004), would negatively affect labour market outcomes (Rice et al., 
1990; Kenkel and Ribar, 1994; and Mullahy and Sindelar 1993).
In addition to the health channel, there are unobserved factors which might be 
associated with both drinking and labour market outcomes (Tekin, 2002). For 
example, alcohol may serve as a bridge of communication with colleagues, 
employers and customers and thus helps workers to stay employed or increase 
promotion opportunities (MacDonalds and Shields, 2001). However, it is also argued 
that heaving drinking might in fact send a negative signal to employers about the 
individual’s productivity or suitability for promotion (Tekin, 2002).
The adverse health effect of smoking, such as causing heart disease, stroke, lung 
disease, cancers and many other health problems, has been examined by medical 
researchers (Brown et al., 1987; Doll, 1986; and Mattsom et al., 1987). Combining 
this medical evidence related to smoking, there are four main mechanisms through 
which smoking has a negative effect on labour market outcomes (Levine et al., 1995; 
Levine et al., 1997; Lin and Chen, 2010; and Lye and Hirschberg, 2004). Firstly, 
smokers are more likely to be unhealthy and are therefore less productive due to 
higher absentee rates or inferior performance on certain tasks. Secondly, it may be 
more costly to hire smokers due to increased health and fire insurance, or higher 
cleaning costs (Swart, 1990; and Levine et al., 1997). According to the theory of 
compensating wage differentials, employers would be willing to employ smokers at 
lower wages by offsetting higher insurance costs. Smokers may also be willing to 
accept jobs with lower wages that provide medical insurance. Thirdly, there are 
unobserved factors, for example, time preference, which might be correlated with 
both smoking and labour market outcomes. For example, if smokers are individuals 
who have high time preference rates (that is, strongly discount their future lifetime
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utility), they may be less likely to invest in productivity enhancing human capital, 
resulting in lower wages (Heineck and Schwarze, 2003). Finally, smokers may be 
subjected to discrimination from employers, colleagues or customers, thereby having 
adverse effect on labour market outcomes.
6.2.2 Empirical Evidence
Evidence on The Effect o f Drinking on Labour Market Outcomes
Most research has documented that alcohol abuse or alcoholism has detrimental 
effects on an individual’s labour market outcomes. French and Zarkin (1995) explore 
the relationship between alcohol consumption and wages in the US using both a full 
sample of randomly selected workers and a sub sample of prime-age workers (aged 
30-59) from four worksites. Their analysis employs OLS, and uses four binary 
variables of alcohol consumption which are ‘Never drinkers’, ‘Former drinkers’, 
‘Daily drinkers’, ‘Heavy drinkers’, and also one continuous variable of alcohol 
consumption. ‘Never drinkers’ is defined as never drink any alcohol. According to 
SAMHSA (1992, 1993)140, ‘Former drinkers’ are defined as drinking in the past, but 
not during the past 12 months. ‘Daily drinkers’ are defined as drinking on 20 or more 
days in the 30 days, and ‘Heavy drinkers’ are defined as consuming 5 or more drinks 
per occasion on 5 or more days during the same period. The fifth variable (ALCUSE) 
is the number of drinks consumed during the past 12 months. Furthermore, French 
and Zarkin (1995) add a quadratic and a cubic ALCUSE in order to examine a 
potential nonlinear relationship between alcohol consumption and wages. The 
findings suggest an inverse-U-shaped relationship between drinking status and 
weekly wages with a turning point at approximately 1.69 to 2.40 drinks per day. 
They also find evidence that moderate (or ‘Daily’) drinkers have higher weekly 
wages than abstainers (including both ‘Never’ and ‘Former’ drinkers) and heavy 
drinkers at these four worksites. Moreover, the results from a sensitivity analysis 
based on including and excluding the human capital and family variables (which 
include education, health status, tenure and marital status) suggests that alcohol
140In French and Zarkin (1995), SAMHSA (1992) refers to ‘Substance Abuse and Mental Health 
Services Administration (SAMHSA), 1992, National Household Survey on Drug Abuse: Main 
Findings 1991 (US Department o f Health and Human Services, Rockville, MD)’; and SAMHSA 
(1993) refers to ‘Substance Abuse and Mental Health Services Administration (SAMHSA), 1993, 
National Household Survey on Drug Abuse: Highlights 1991, HHS Publication No. SMA 93-1979 
(U.S. Department of Health and Human Services, Rockville, MD)’.
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consumption affects wages through human capital and family variables. However, 
the authors argue that there are four limitations in their study. First, they cannot 
estimate fixed effects model as the data is cross-sectional. Second, the self-reported 
alcohol consumption measures may induce measurement error. Third, the analysis 
fails to account for the possible endogeneity of drinking since their data lacks 
suitable instruments. Moreover, their study fails to account for the potential sample 
selection bias.
Hamilton and Hamilton (1997) study the relationship between drinking and wages 
using a sample of 1,741 prime-age (aged 25-59) Canadian male employees from the 
1985 General Social Survey (GSS). Annual wages are used as the dependent variable 
since the information on weekly wages or hours worked per week are not provided in 
the survey. To address the potential endogeneity of drinking status and sample 
selection bias, the analysis applies a polychotomous choice model, where the 
drinking status equations are estimated using a multinomial logit method and the 
wages equations are estimated using a Heckman selection method. The analysis also 
estimates wage differentials for different types of drinkers by following the technique 
of Idson and Feaster (1990). The authors define three types of alcohol consumers by 
taking into account both frequency and intensity of use on each occasion: i) non­
drinkers, are individuals who drink not at all or less often than once a month during 
the past year; ii) moderate drinkers, are individuals who drink once a month, once a 
week, or every day, but consume no more than eight drinks141 on a single day during 
the past week; and iii) heavy drinkers, are individuals who consume eight or more 
drinks during the past week, and drink at least once a week during the past year. 
They use separate price measure for spirits, wine and beer as instruments for 
drinking status. However, no formal test of instrument validity is performed by the 
authors. The results show that moderate alcohol consumption leads to increased 
wages relative to abstention, whereas heavy alcohol consumption leads to reduced 
wages relative to moderate alcohol consumption. Hamilton and Hamilton (1997) also 
find that there is a positive effect of sample selection bias which almost offsets the 
negative wage differential due to heavy drinking in estimating the wage gap between 
moderate drinking and heavy drinking.
141 The GSS defines ‘one drink’ as one and a half ounces of liquor, a small glass o f wine, or a one-pint 
bottle o f beer which being consumed by individuals in the past week.
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Based on French and Zarkin (1995), Zarkin et al. (1998) assess whether the inverse 
U-shaped relationship between alcohol use and wages can be replicated on a 
combined sample of US prime-age employees (which include 5,948 males and 6,177 
females, aged 30 to 54) from the 1991 and 1992 National Household Surveys on 
Drug Abuse (NHSDA). According to Zarkin et al. (1998), the alcohol consumption 
questions of the survey introduce self-administered answer sheets which increase the 
confidentiality and anonymity of the answers, thereby minimizing the measurement 
error. The authors utilize their calculated continuous drinking variable142 to define 
four types of alcohol consumption which include eight drinking categories: one 
category for non-drinkers, two for light drinkers, three for moderate drinkers, and 
two for heavy drinkers. Then multivariate OLS models are estimated using three 
variations of these eight drinking categories.143 The first variation involves all the 
drinking categories where non-drinkers are the reference category. The second 
variation comprises four types of alcohol consumption described above: non-drinkers 
(the reference category), light drinkers, moderate drinkers and heavy drinkers. The 
final variation is simply defined as a binary alcohol ‘use’ (that involves seven 
positive drinking indicators) / ‘no use’ indicator (no use is the reference category). 
Findings suggest that alcohol consumption has a positive and significant impact on 
hourly wages for males, but not for females. In other words, male workers who 
consume alcohol have approximately 7% higher wages than male workers who are 
non-drinkers. This paper also finds an inverse U-shaped relationship between alcohol 
consumption and wages for males at a lower drinking level than that in French and 
Zarkin (1995). In addition, the authors find no evidence that high level of alcohol 
consumption negatively affect wages. However, they argue that their analysis fails to 
account for the possible endogeneity of drinking due to lack of suitable instruments.
MacDonald and Shields (2001) explore the relationship between drinking and mean 
occupational hourly wages based on a pooled sample of 15,819 men (aged 25-65) 
and 18,430 women (aged 25-60) from the Health Survey for England between 1992 
and 1996. The authors define three measures of drinking status according to either 
drinking intensity or drinking frequency during the last year. The first measure is a
142 In Zarkin et al. (1998), the total number o f drinks an individual consumed during the last 30 days, 
which ranges from 0 to 1,800 drinks for males and from 0 to 900 drinks for females, is calculated by 
multiplying the typical number o f drinks an individual consumed per occasion by the number o f times 
that individual drank during the same period.
143 Based on the Heckman model, Zarkin et al. (1998) find no evidence o f sample selection bias.
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continuous variable indicating the average weekly consumption in units144. Based on 
the first measure of drinking status, the second measure includes seven dummy 
variables indicating seven types of alcohol consumers: abstainers, light drinkers, 
light to moderated drinkers, moderate drinkers, moderate to heavy drinkers, heavy 
drinkers, and very heavy drinkers. The last measure includes five dummy variables 
based on the number of episodes of drinking per week: non-drinkers, infrequent 
drinkers, occasional drinkers, frequent drinkers and daily drinkers.145 In addition to 
estimating pooled OLS, MacDonald and Shields (2001) adopt 2SLS to control for 
endogeneity of drinking. Three sets of instruments are used: three dummy variables 
for long term non-acute illnesses (diabetes, stomach ulcers and asthma); a binary 
variable indicating whether or not a respondent’s mother or father smoked regularly; 
and three dummy variables indicating whether the respondent feeling that he/she 
should reduce drinking, feeling guilty about one’s own drinking, and having been 
annoyed by criticism from others about one’s own drinking during the last three 
months, respectively. The results suggested a positive relationship between alcohol 
consumption and wages that appeared to have an inverted U-shape for both genders. 
However, MacDonald and Shields (2001) argue that the estimated results based on 
the IV model should be treated with considerable caution since these are found to be 
much larger than those based on the OLS. Furthermore, they find no evidence that 
drinking is related to wages through family structure and health status variables.
Tekin (2002) utilizes data from four waves of the Russia Longitudinal Monitoring 
Survey (RLMS) to examine the effects of alcohol consumption on employment and 
hourly wages for 974 male and 1,382 female prime-age workers (aged 24-58). 
Employment is measured by whether the individual is currently employed. The 
hourly wages is defined as the ratio between the total monthly earnings146 and the 
total number of hours worked in the last month. The author utilizes three measures of 
drinking status based on the self-reported alcohol consumption questions in the 
RLMS. The first measure is a binary variable based on a survey question concerning 
whether respondents consumed any alcohol in the last month. Those who respond
144 According to MacDonald and Shields (2001), 1 unit o f alcohol is equivalent to 8 grams o f ethanol, 
or approximately 1.5 pint o f beer, a small glass o f wine or a single measure o f spirits.
145 For detail information of the alcohol consumption definition, see page 434 in MacDonald and 
Shields (2001).
146 The author defines total monthly earnings as the sum of salaries, wages, bonuses, grants, benefits, 
profits and non cash in-kind (see p. 10 in Tekin, 2002).
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yes to the above question are then asked to report the frequency of the alcohol use 
during the same period, including: every day, 4-6 times a week, 2-3 times a week, 
once a week, 2-3 times and once a month. Accordingly, the second measure which is 
similar to the first measure of alcohol use in Zarkin et al. (1998) is created. The third 
measure of alcohol consumption is a continuous variable indicating monthly ethanol 
intake (per litre). The author also includes linear and quadratic measures of ethanol 
intake to capturing the possible nonlinear relationship between alcohol consumption 
and labour market outcomes. In addition to estimating pooled OLS model, Tekin 
(2002) employs a fixed effects estimator to control for the individual unobserved 
factors. The results show that after controlling for individual unobserved factors: (i) 
the positive effect of alcohol consumption on employment disappears for men and 
decreases for women; (ii) alcohol consumption is positively related to wages for both 
genders and the effect is larger for men than for women; and (iii) for both genders, 
the inverse U-shaped relationship between alcohol consumption and labour market 
outcomes, which is observed in the pooled OLS analysis, disappears. Furthermore, a 
number of sensitivity tests are performed with the following results: (i) there is no 
evidence that alcohol consumption is related to labour market outcomes through 
human capital and family variables;147 (ii) the results are robust to the way the 
continuous measure of alcohol use is defined; and (iii) based on a Heckman selection 
method, there is no evidence for the presence of sample selection bias for both 
genders. However, Tekin (2002) argues that the analysis fails to control for the 
possible endogeneity of alcohol consumption due to lack of suitable instruments.
Barrett (2002) estimates the impact of drinking on individual hourly earnings using a 
sample of 5,705 working males (aged 25-59) from the first wave of the Australian 
National Health Survey (NHS89). By applying the same definition as Hamilton and 
Hamilton (1997), three types of drinkers are defined (non-drinkers, moderate 
drinkers and heavy drinkers). The estimation procedure used in this analysis is 
similar to that in Hamilton and Hamilton (1997). To account for the potential 
endogeneity of drinking status, the author introduces two sets of variables as 
instruments for drinking behaviour which include a dummy variable indicating 
whether an individual drank at the age of 18, and a set of variables measuring the
147 Although the human capital and family variables used in Tekin (2002) are the identical to those 
used in French and Zarkin (1995), the latter draws the opposite conclusion.
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proportion of sample members in that individual’s local region who are non-drinkers, 
who are moderate drinkers and who are heavy drinkers. A Durbin-Wu-Hausman 
(DWH) specification test approach is used and the result supports the validity of both 
instruments. Since the grouped regression results support endogenous selection for 
heavy drinkers (and exogenous selection for the other two types of drinkers), Barrett 
(2002) further exploits both unconditional and conditional wage decomposition 
method to isolate the effect of drinking status on wages. It is found that moderate 
drinking leads to a large wage premium relative to non-drinking (11%) and heaving 
drinking (19%). Moreover, a large wage penalty for heavy drinking relative to non­
drinking (8%) is also found.
Evidence on The Effect o f Smoking on Labour Market Outcomes
Levine et al. (1995) investigate the effect of smoking on weekly wages and annual 
hours worked for young American workers (aged 27-34) by using data from the 
National Longitudinal Survey of Youth (NLSY) 1984 and 1992. Additionally, the 
authors also examine the effect of smoking on wages for men and women separately. 
The study applies three methods. First, standard cross-sectional OLS is used to 
estimate the effect of smoking on labour market outcomes for each survey year. The 
second method is a FE method, which exploits the panel nature of the data to control 
for individual specific characteristics. The third method takes advantage of the 
household structure of the NLSY by looking at the differences in labour market 
outcomes and smoking across siblings, which controls for the unobservable 
characteristics that are constant within a family. The authors conclude the following: 
(i) similarity across the three estimates suggests that there is no evidence of 
endogeneity of smoking behaviour; (ii) smoking reduces wages by about 4-8%, but 
there is no statistically significant effect of smoking on hours worked; (iii) men who 
smoke are found to earn 10.5% less than non-smoking men, whereas smoking 
women are found to earn 3.3% more than non-smoking women. However, there is a 
potential disadvantage of defining smoking status in this study. Based on the NLSY 
1984, smoking is defined as respondents who report smoking at least one cigarette 
per day, on average, over the last month. Using the NLSY 1992, smoker are defined 
as whether or not the respondents smoke daily. Levine et al. (1995) argue that using
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different definition of smoking may lead to some false transitions in smoking status 
during the survey periods.
Based on the German Socio-Economic Panel (GSOEP) 1998, 1999, and 2001, 
Heineck and Schwarze (2003) examine the effect of smoking behaviour on monthly 
earnings for both male and female employees aged 25-55. Both cross-sectional and 
longitudinal models are estimated. In the cross-sectional OLS analysis (GSOEP, 
1998), three types of smoking measures are used. The first measure is defined as 
whether an individual is currently smoking. The second measure is a continuous 
variable indicating the daily tobacco consumption amount. The third measure 
includes five dummy variables indicating whether the individual smokes up to 10, 
11-20, 21-30, 31-40, and 41 and more cigarettes or other tobacco products per day. 
For the pooled OLS, the RE and the FE analysis, only the first smoking measure is 
used since the amount of tobacco consumption is not available for the other two 
survey years. Results from the cross-sectional analysis suggest that smoking has a 
negative effect on earnings for men. However, the FE estimation result shows that 
young male smokers aged 25-35 earn 2.5% more than non-smoking counterparts. 
There is no statistically significant relationship between smoking and earnings for 
women. The Hausman test for the absence of unobservable individual effect is 
rejected for both genders, thereby supporting the FE estimates.
Lin and Chen (2010) examine the effect of smoking on the probabilities of being 
employed and monthly earnings using data from Taiwan’s Panel Survey of Family 
Dynamics (PSFD) 1999, 2000 and 2004. Smoking is defined as whether or not 
respondents currently smoking. The study employs both a pooled OLS method and a 
IV method based on PSFD 2004. The authors use a combined index of individual 
knowledge regarding adverse effects of smoking on health as the instrumental 
variables to correct for potential endogeneity of smoking. The results find that (i) 
according to the Hausman test statistics in the IV estimation of the employment 
equation, the null hypothesis that smoking is exogenous cannot be rejected for both 
genders, whereas in the IV estimation of the earnings equation, the null hypothesis 
that smoking is exogenous is rejected for both genders, suggesting that the IV model 
is preferable; (ii) smoking has a statistically significant and negative effect on 
employment for both men (-4.26%) and women (-6.64%). In addition, men who
233
smoke earn 3.7% less than those who do not smoke. There is no statistically 
significant relationship between smoking and earnings for women.
Evidence on The Simultaneous Effect of Drinking and Smoking on Labour Market 
Outcomes
Van Ours (2002) considers the impact alcohol and tobacco consumption of hourly 
wages for both men and women (aged 26-55) in the Netherlands. The author applies 
three sets of drinking and smoking measures. In the first set, both drinking and 
smoking are continuous variables. Drinking is defined as the average number of 
glasses of alcohol (beer, wine, genever) the individual consumes per month. 
Smoking is defined as the average number of cigarettes, cigars or pipes the 
individual smokes per day. In the second, eight dummy variables are used to indicate 
alcohol consumption group (0, 1-5, 6-16, 17-31, 32-62, 63-93, 94-124 and 125 or 
more drinks). Smoking in the second set involves five dummy variables indicating 
daily tobacco consumption (0, 1-2, 3-10, 11-20, more than 20). In the third set, both 
drinking and smoking are binary variables indicating whether an individual drinks 
and smokes, respectively. By applying both OLS and an analysis of starting rates for 
alcohol and tobacco to identify the presence of unobserved heterogeneity, the author 
concludes that for men drinking and smoking have a positive effect (9.8%) and a 
negative effect (9.0%) on wages, respectively. The OLS method overestimates the 
positive returns to drinking and underestimates the smoking penalty for men. 
However, women’s wages are not affected by drinking or smoking.
By using a sample of 4,338 Australian working men from the second wave of the 
NHS (NHS95), Lye and Hirschberg (2004) examine the effect of both alcohol 
consumption and smoking on annual wage income. The sample of this study is 
divided into smokers (current smokers) and non-smokers (include ex-smokers) in 
order to model the interaction of smoking with drinking status. An estimated amount 
of weekly alcohol consumption is used to measure drinking status. The estimation 
procedure is similar to Barrett (2002) in terms of addressing the selectivity bias and 
endogeneity of drinking status through an ordered probit model and a simultaneous 
equation model. Lye and Hirschberg (2004) employ five sets of instrumental 
variables which are: (i) a set of four dummy variables that measure BMI; (ii) total 
amount of time spent on exercise; (iii) a variable that measures the number of doctor
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visits; (iv) a set of country of birth variables; (v) a set of state dummy variables. The 
results confirm the inverse U-shaped relationship between alcohol consumption and 
wages for non-smokers, which are consistent with the findings of Barrett (2002), but 
no significant relationship between alcohol consumption and wages for smokers.
Auld (2005) investigates the effect of both drinking and smoking on annual income 
for Canadian male (aged 25-59) workers using cross-sectional data from the GSS, 
1985 and 1991. Smoking is defined using a binary variable indicating whether an 
individual is a daily smoker. Following Hamilton and Hamilton (1997), the author 
defines three types of alcohol consumers: abstainers, moderate drinkers and having 
drinkers. The estimation methods include the OLS, a maximum likelihood (ML), and 
a full information maximum simulated likelihood (FIMSL). Auld (2005) uses 
religious status, an indicator for Catholicism, and prices of alcohol and tobacco as 
instruments to address the endogeneity of drinking and smoking. The results 
conclude that: (i) the exogeneity of drinking and smoking status is rejected; (ii) 
moderate drinkers are estimated to earn 10% more than abstainers, but to earn 2% 
less than heavy drinkers, these findings are consistent across models; (iii) treating 
smoking as endogenous increase its negative effect on income (from -8% to -24%); 
(iv) failing to control for smoking when estimating the effect of drinking on wages 
leads to small downward bias in the estimated effect of heavy drinking on income 
and small upward bias in the effect of drinking abstention; and failing to control for 
drinking when estimating the effect of smoking underestimates of the negative 
smoking effect; (v) controlling for a measure of leisure-time physical exercise or 
excluding self-reported health status variables almost does not alter the estimated 
drinking and smoking effects, implying that the results are not driven by unobserved 
components of health status.
Based on panel data from the National Job Corps Study (NJCS), Neumann (2009) 
examines the effect of drinking and smoking on labour market outcomes for the 
American lower income young adults (aged 16-24). Drinking and smoking are 
simply defined as whether or not a respondent is a drinker and a smoker, respectively. 
The three labour market outcome variables involve average weekly earnings, a 
dummy variable indicating whether a respondent is working, and average weekly 
hours worked. The study employs both a pooled OLS and a FE using baseline
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treatment status, contemporaneous treatment status and lagged treatment. The results 
show that drinking has a statistically significant and negative effect (about 6-16 
percentage points) on hours worked. However, there is no statistically significant 
effect of drinking on earnings or employment status, and no statistically significant 
relationship between smoking and labour market outcomes. Moreover, not 
controlling for the individual specific unobserved factors or the unobserved factors 
that change over time would overestimate the effect of drinking on labour market 
outcomes.
Overall, some studies have found that moderate and even heavy drinking raise 
personal earnings (French & Zarkin, 1995; Hamilton and Hamilton, 1997; Zarkin et 
al., 1998; and Barrett, 2002), while others identify an inverted U-shaped relationship 
between alcohol consumption and wages (French and Zarkin, 1995; Heien 1996; 
Hamilton and Hamilton, 1997; Zarkin et al., 1998; and Lye and Hirschberg, 2004). 
Meanwhile smoking has been shown to be negatively correlated with labour market 
outcomes (Levine et al., 1995; Levine et al., 1997; and Lin and Chen, 2010). Several 
studies use an IV approach to address the endogeneity of drinking/smoking 
behaviour but the results of these are somewhat mixed (Levine et al., 1995; Levine et 
al., 1997; Hamilton and Hamilton, 1997; Barrett, 2002; Lye and Hirschberg, 2004; 
Neumann, 2009; and Lin and Chen, 2010).
6.3 Data and Methodology
6.3.1 Data and Variables
The data used in examining the relationship between health related behaviour and 
labour market outcomes comes from the six waves of the CHNS (CHNS, 1991-2006) 
as described in Chapter 3. The first wave of the CHNS (CHNS, 1989) is not used 
because it did not survey drinking or smoking status. While the latest wave of the 
CHNS (CHNS, 2009) surveyed drinking and smoking status, it did not survey the 
self-reported health status (and neither did the first wave) which is used as 
explanatory variables for employment and wages. It is not possible to test the indirect 
effects of drinking and smoking status on labour market outcomes without having 
information on self-reported health status. Therefore, the 2009 CHNS is not used in 
this chapter.
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Labour Market Outcomes
Two labour market outcomes are considered, namely employment status and real 
hourly wages, which have been introduced in Chapter 4 and Chapter 5, respectively. 
Recall from Chapter 4 employment status is defined as a dummy variable, employed, 
which equals to one if an individual is presently working (including self-employed), 
and equals to zero otherwise. Recall from Chapter 5 the average hourly wages is 
defined as the ratio between the monthly wages and the monthly working hours. 
Monthly wages are calculated by dividing annual wages by working months. 
Monthly working hours are calculated by multiplying 4.3 weeks per month by 
weekly working hours. Then the nominal hourly wages are deflated to 2006 Chinese 
yuan to obtain the average real hourly wages.
In estimating the effects of drinking and smoking status on employment, the total 
sample used in this chapter is based on the total sample used in Chapter 4. After 
removing the observations that have missing values for drinking or smoking status, 
which accounts for 8% of the sample, the total sample used in the employment 
analysis is 14,718 individuals from 35,791 observations pooled across the six waves 
(for each i, t = 1, where T < 6 in a case of the unbalanced panel). Then the 
sample is split by gender and by young and older working-age. Recall from Chapter 
4, young working-age adults are defined as adults who are aged between 16 and 45, 
and older working-age adults are defined as adults who are aged 46 and over. The 
sub samples within the population involve 7,525 men and 7,193 women (20,345 and 
17,246 observations, respectively), and 29,126 young (aged 16-45) and 8,465 older 
(aged 46-59) working-age adults (12,763 and 4,707 observations, respectively).
As discussed in both Chapter 3 and Chapter 5, the low response rate of wage income 
is mainly due to the low response rate of people who are agricultural workers and/or 
who are self-employed. Therefore, following the sample construction of Chapter 5, 
this chapter also excludes observations who are either agricultural workers or self- 
employed. Therefore, the sample used in the wage analysis includes 5,911 
individuals (10,871 observations) and is comprised of 3,356 men and 2,555 women 
(6,364 and 4,507 observations, respectively), and 5,058 young and 1,454 older 
working-age adults (8,716 and 2,155 observations, respectively).
237
Drinking and Smoking
The CHNS asks respondents whether or not they drank beer or any other alcoholic 
beverage during the past year. Those who answer in the affirmative are then asked
1 ASinformation about their drinking frequency during the same period. Five possible 
responses are: ‘daily or almost every day\ 43-4 times a week\ 4once or twice a week\ 
4once or twice a month’ and 4«o more than once a month\  149 From 1993, 
respondents who drank last year were asked how much they drink each week (in 
units) based on three types of alcohol: beer (unit = bottle), grape wine including 
various coloured wines and rice wine (unit = liang, where 1 liang = 50 grams), and 
liquor (unit = liang). According to these alcohol consumption questions, three 
measures of drinking status, which are similar to those in Tekin (2002), are 
constructed. The first measure is a dummy variable, drink, which takes on the value 
of one if an individual has consumed any alcoholic beverage during the previous year, 
and zero otherwise. The second measure is constructed by combining the responses 
of the first two questions above, that is, six dummy variables which are named 
4nodrink (the reference category), 4drinkOtolm’ , ‘ drink 1 to 2m \ idrinklto2w\ 
idrink3to4w"and 4drinkdaily\ respectively. The third measure is a continuous 
variable, wkdrinkamt, indicates the average weekly alcohol consumption amount (in 
units). The three measures of alcohol consumption are used in both the analysis 
employment and wages.
The CHNS asks respondents whether or not they have smoked cigarettes, including 
rolled or manufactured. Those who answered in the affirmative are then asked 
whether or not they are smoking currently and their daily cigarettes consumption 
amount.150 Combining the answers of these smoking questions, this chapter uses four 
measures of smoking status, where the latter three are similar to the measures of 
smoking status in Heineck and Schwarze (2003). The first measure is a dummy 
variable, eversmoked, which takes the value of one if the respondent has ever smoked
148 According to the CHNS Work Manual (1993), respondents who drink occasionally once or twice 
in a year are not considered as drinking alcohol.
149 For wave 1991, 1993 and 2000, the alcohol consumption questions were listed in the physical 
examination survey questionnaire. For other three waves, they were listed either in the household 
survey questionnaire or in the adult survey questionnaire.
150 For wave 1991, 1993 and 2000, the cigarettes consumption questions were listed in the physical 
examination survey questionnaire. For other three waves, they were listed either in the household 
survey questionnaire or in the adult survey questionnaire.
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cigarettes, and zero otherwise. The second measure is a dummy variable, smokenow, 
which takes value of one if  the respondent is a current smoker, and zero otherwise.151 
The third measure is a set of five dummy variables: nonsmoke (the reference 
category), smokeltolO, smokellto20, smokemt20, smokemiss, which take a value of 
one if individuals do not smoke, smoke up to 10, 11-20, and more than 20 cigarettes, 
and do smoke but have missing values on their average daily cigarettes consumption 
amount, respectively. The last measure of smoking is a continuous variable, 
dailysmokeamt, indicates the number of cigarettes being smoked per day.
Figures 6.2 and 6.3 present the prevalence of drinking and smoking status for all the 
sample groups within the population by each survey year, respectively. On average, 
the prevalence of drinking and smoking status for men and for the older working-age 
adults are higher than those for women and for the young working-age adults, 
respectively. For women, unlike other countries, the prevalence of both drinking and 
smoking is very low, which accounts for 10% and 2%, respectively. The low 
prevalence of smoking of women is even lower than that found in Levy (2006). As 
shown in Figure 6.2, there is a relatively flat trend of the prevalence of drinking for 
the total sample of working-age adults and for men between 1991 and 2006. For 
women, there is a slight declining trend, from 11% in 1991 to 7% in 2006. For the 
young working-age adults, there is a slight declining trend after 1997 (from about 
36% to 33%). For the older working-age adults, the prevalence of drinking alcohol 
decreases from 55% to about 50% between 1991 and 2006, with a minimum of 48% 
in 2004. In Figure 6.3, the rate of smoking almost unchanged for the total sample and 
for women over the period. However, there is a declining trend in smoking for men 
(from 68% to 58%) and for the older working-age adults (from 55% to 47%). For the 
young working-age adults, the rate of smoking decreases slightly from 32% in 1991 
to 27% in 2006.
Table 6.1a presents summary statistics of the average employment rate across 
different measures of drinking and smoking status for the Chinese working-age 
population and sub samples within the population. The average employment rates by 
discrete measures of drinking status and of smoking status are shown in the upper 
and the middle panel of Table 6.1a, respectively. The continuous measure of the
151 According to the CHNS Work Manual (1993) and (2006), smoking is considered as a person 
smokes at least one cigarette per day. Otherwise, the person should not be considered as smoking.
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average weekly alcohol consumption (in units) and the average daily cigarette 
consumption (in number of cigarettes) amount are separately shown in the bottom 
panel of the table. For the Chinese working-age population, people who presently 
drink alcohol have higher employment rate (91%) than those who do not (85%). In 
addition, people who drink once or twice a week (drinklto2w) and 3-4 times a week 
(idrink3to4w) have higher employment rate than other alcohol consumption groups. 
For young working-age adults (aged 16-45), the higher the drinking frequency, the 
higher the average employment rate, whereas the reverse is almost true for older 
working-age adults (aged 46-59).
According to the middle panel of Table 6.1a, lifetime/current smokers have a higher 
employment rate (91%) than lifetime/current non-smokers (85%). This is also true 
for the sub samples except for women. For both the young and the older working-age 
sample, people who smoke more than 20 cigarettes a day have a slightly higher 
employment rate than those who smoke up to 10, and 10 to 20 cigarettes a day. 
However, for the total and the male sample, the higher employment rate for smokers
1 S')does not distinguish to the number of cigarettes consumed per day. In addition, 
36% of individuals have ever smoked, and 97% of them are still consuming 
cigarettes. In other words, there are 3% of people (422 observations) who have ever 
smoked but not current smokers, i.e. they have quit smoking. Appendix 6.4 presents 
summary statistics for this group of people (refers to as ex-smokers) and for those 
who still smoke (refers to as current smokers). On average, people who have quit 
smoking are older, have lower level of self-reported health status and are better 
educated than those who still smoke. For example, the average age of ex-smokers is 
about 8 years older than that of current smokers. In addition, 60% of ex-smokers are 
in the older age group (aged 46 to 49), which is almost double that of current 
smokers. Compared to current smokers, ex-smokers have higher proportion of 
having fair and poor health status, especially the proportion of the latter, which is 
three times as much as that of current smokers. For ex-smokers, the proportion of 
those with technical or vocational degree qualifications (techvoc) and with university 
or higher degree qualifications {university) account for 10% and 5%, respectively.
152 Since both the number of female smokers who smoke more than 20 and who have missing values 
on their daily cigarettes consumption amount are so small, the summary statistics for these two groups 
may not appropriately present the average employment rate for these two types o f population.
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However, for current smokers these two proportions account for 5% and 3%, 
respectively.
As shown in the lower panel of Table 6.1a, the sample of working-age adults used in 
the analysis of the continuous measures of drinking and smoking status are different 
to that when applying the discrete measures. As mentioned earlier, the wave 1991 did 
not survey the average amount of alcohol consumed each week, thus observations in 
this wave are excluded. Additionally, observations that have missing values on 
alcohol and/or cigarette consumption, which account for 3% of the total sample of 
30,015 observations across the five waves, are also excluded. On average, 
individuals consume approximately 4 units of alcohol per week (with a minimum 
zero value indicating non-drinkers and a maximum of 128 units) and 6 cigarettes per 
day (with a minimum zero value indicating non-smokers and a maximum of 60 
cigarettes), respectively. For individuals who drink alcohol, an average of 11 units is 
consumed each week. For those who are current smokers, an average of 16 cigarettes 
is consumed daily, which is similar to that in Pan and Hu (2008). Moreover, men and 
the older working-age adults have both higher drinking and smoking intensity than 
women and the young working-age adults, respectively.
There is a relationship between drinking alcohol and smoking. Table 6.1b presents 
the sample distribution and the correlation between drinking and smoking status. It 
shows that 25% of the Chinese working-age adults both drink alcohol and smoke, 
14% are drinkers but do not smoke, and 10% smoke but do not drink alcohol. For 
individuals who drink alcohol, 65% of them are smokers. For individuals who 
smoke, 72% of them are drinkers. The correlation between drinking alcohol and 
smoking is 0.50 (in a case of ex-smokers, the correlation is 0.51).
Table 6.1c presents the average real hourly wages across different measures of 
drinking and smoking status. It shows that the average real hourly wages are higher 
for drinkers (3.52 Chinese yuan) than non-drinkers (2.98 Chinese yuan). Individuals 
who drink once or twice a week (<drinklto2w), 3-4 times a week (idrink3to4w), and 
who almost drink every day (drinkdaily) have higher average real weekly wages than 
other three dinking consumption groups except for women. As can been seen from 
the middle panel of Table 6.1c, individuals who have ever smoked (3.47 Chinese 
yuan) and who are current smokers have higher hourly wages (3.38 Chinese yuan)
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than those who are lifetime non-smokers (3.08 Chinese yuan) or who currently do 
not smoke (3.14 Chinese yuan), respectively. In addition, summary statistics in the 
lower panel of Table 6.1c are similar to those in Table 6.1a.
6.3.2 Methodology
Methodology -  Treating Drinking and Smoking as Exogenous Variables
This chapter firstly uses the pooled probit model to estimate the effect of drinking 
and smoking status on employment for the Chinese working-age adults. The pooled 
probit model, which assumes P(ya  = l f e )  = ^(.^dk^it + ^sks^it +  hit + 
is as follows:
[ 1 if Y i t  =  ^ d k d k i t  +  ^ s k S k i t  ^1 %it ^0it
yit = j i = 1, =  1, ...,T  (6.1)
V 0 otherwise
where, P indicates probability; i indicates individuals; t = indicates time periods; 0  
indicates the standard normal Cumulative Distribution Function (CDF); y it indicates 
a binary response indicator of employment; yt*t indicates a latent variable of 
employment; dkit indicates a vector of drinking status variables; s/clt indicates a 
vector of smoking status variables; hit indicates a vector of SRHS variables; X{t 
indicates a vector of other explanatory variables that affect employment, including 
gender, age, educational attainment, marital status, living in urban/rural area, region
1 r i
of residence, and presence of children in the household; ddk, fisk, i90, and 
indicate the estimated coefficients, where ddk and dsk are measures of the effect of 
drinking and smoking status on employment, respectively; ooit indicates random 
errors which are assumed to follow the standard normal distribution with variance 1, 
and ooit~ N(0,1). Under the pooled probit, cluster-robust standard errors are used to 
correct for correlation over time for a given individual.
By allowing for the panel nature of the data, this chapter uses the RE probit model 
which assumes that the heterogeneity across individuals is time-invariant,154 and the 
error termo0it in Equation (6.1) is decomposed as:
153 For more detail regarding the definition o f explanatory variables, see Chapter 3.
154 This chapter does not use a probit with FE for two reasons. Firstly, it only relies on within- 
individual variations in the dependent and the explanatory variables. In other words, individuals who 
do not change their employment status will not be included in the estimation, neither the coefficients 
of the time-invariant explanatory variables are estimated. In such case, 81% of the sample will not be 
included. Moreover, more than 70% and 80% of the sample does not change the drinking and
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° O i t  ~  i  +  H n t  ( 6 * 2 )
where, Klt indicates the individual specific unobservable effect, assuming that 
/Cxi— IN(0, ) and is independent of the and xit, p lit indicates a random error
term, assuming fiut~  /IV (0,(7^) and is independent ofXit . The correlation between
two successive error terms for the same individual i is a constant, given by:
a2
p3 = corr(oQi2, o0il) =  2 °°2 (6.3)
aOo+<rfil
A likelihood-ratio test of the significance of p3 (H0: p3= 0) compares the pooled 
probit estimator with the RE probit estimator (StataCorp, 2009). If p3 = 0 ,  the 
pooled probit parameter estimates will be equal to the RE probit estimates, then it is 
appropriate to use the pooled probit estimator. If p3 =£ 0, then it suggests that the RE 
probit estimator would be appropriate.
To investigate the effect of drinking and smoking status on wages for the Chinese 
workers, this chapter adopts the pooled OLS and the FE estimator which controls for 
the individual unobserved factors. The pooled OLS is based on a modified Mincerian 
Wage Model, which is:
wit = tto + ndkdkit + nskskit + nxhit + n2elit + Qoit, (6.4)
where, Wit indicates the logarithm of real hourly wage income; elit indicates a vector 
of other explanatory variables that affect wages, including gender, age, educational 
attainment, marital status, living in urban/rural area, region of residence, and 
presence of children in the household, occupational status, employment position, 
type of work unit, number of employees in work unit, and whether or not an 
individual has a second job; n0 indicates a constant term; ndk, nsk, and n2 indicate 
the estimated coefficients, where ndk and nsk are measures of the effect of drinking 
and smoking status on wages, respectively; p0;t indicates a disturbance term, which 
is uncorrelated with the explanatory variables, and assumes that (?oit~N(0, £7go). 
Under the pooled OLS, cluster-robust standard errors are used to correct for error 
correlation over time for a given individual.
The formulation of the FE model can be written as:
smoking status, respectively. Therefore, the FE coefficients might be imprecise and have large 
standard errors in a case where within-individual variation is small relative to the between-individual 
variation. Secondly, FE probit might introduce incidental parameters problem (Heckman, 1981).
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Wit =  ^ 0  +  ndkdkit + nskskit + n t h it +  n 2elit + a u  + rjlit , (6.5)
where, a lt = random individual-specific effects, i.e. a time-invariant disturbance 
term, rjlit = a time-varying (or idiosyncratic) disturbance term. In the FE model, the 
time-varying disturbance term rjlit is assumed to be uncorrelated to the explanatory 
variables, while the time-invariant disturbance term a lt is allowed to be correlated 
with the explanatory variables. Further details relating to the model specification can 
be found in Section 5.3 in Chapter 5.
This chapter employs the standard Hausman test which has also described in Section
5.3 o f Chapter 5, to compare the FE and the RE estimators. Under a strong 
assumption that RE estimator is fully efficient, the null hypothesis is that the 
individual effects are uncorrelated with the explanatory variables, i.e. RE is 
consistent. Although the Hausman test does not compare the pooled OLS and FE 
directly, pooled OLS estimates will be consistent if  the RE model is appropriate but 
will be inconsistent if  the FE model is appropriate. The test statistic has a chi-squared 
asymptotic distribution with degrees of freedom equal to the number o f coefficients.
Based on the above methods, which assume drinking and smoking status are 
exogenous, this chapter estimates separate models to reflect different measures of 
drinking and smoking status in terms of frequency and intensity. The first two 
models (Model 1 and Model 2) include the dummy variable of drinking status {drink) 
and different dummy variables of smoking status {smokenow and eversmoked, 
respectively). The third model (Model 3) includes the previously defined drinking 
frequency variables, and the five dummy variables which reflect the different 
categories of smoking intensity. The final model (Model 4) includes the two 
continuous variables of drinking and smoking, plus their square terms to capture the 
potential inverted- U shape relationship between drinking / smoking and labour 
market outcomes.
This chapter also estimates three specifications o f the models above as sensitivity 
analyses. According to the literature, controlling for several explanatory variables 
that might be correlated with drinking or smoking status such as health status, 
educational attainment, and family formation could affect the estimated coefficients 
of drinking status on labour market outcomes (Mullahy and Sindelar, 1993; French 
and Zarkin, 1995; Macdonald and Shields, 2001; Tekin, 2002; and Auld, 2005). This
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implies that drinking and smoking influence labour market outcomes both directly 
and indirectly through human capital and family formation. To explore this issue 
further, and following French and Zarkin (1995), Model I, referred to as ‘full effect’ 
models, is re-estimated both for the employment and wage analyses (refer to as 
‘direct effect’ models) with SRHS, education attainment, and marital status variables 
excluded. Additionally, Models II -  IV re-estimate Model 1 with the three groups of 
variables separately excluded from the analyses. Following Auld (2005), Model V 
re-estimates Model 1 with either smoking or drinking status excluded from the 
analyses, to examine the effect of each variable separately on labour market 
outcomes without controlling for the effect of another. According to the literature, 
(see for example, Lye and Hirschberg, 2004) there is evidence o f an interaction effect 
o f drinking and smoking behaviour on labour market outcomes. As discussed in 
Section 6.3.1, there is a positive correlation between drinking and smoking status. 
Accordingly, a final specification considers the interaction effect o f drinking and 
smoking status on labour market outcomes by using four dummy variables, nodksk 
(the reference category), drinkonly, smokeonly and drinks moke are defined as follows: 
nodksk takes the value of one if individuals neither drink alcohol nor smoke, 
drinkonly refers to drink alcohol but do not smoke, smokeonly refers to smoke but do 
not drink alcohol, and drinksmoke refers to both drink alcohol and smoke, 
respectively.
It is important to note that since the prevalence o f drinking and smoking is very low 
for women, some o f the analyses cannot be undertaken on the female sample only 
due to the lack o f sufficient observations. More specifically, for Model 3 of 
employment equation, the measure o f smoking status only includes three dummy 
variables: nonsmoke (the reference category), smokeltolO , and smokemtl 1, where 
sm okem tll is defined as a value o f one if individuals smoke more than 11 cigarettes 
per day. Women who smoke but having missing values on cigarettes consumption 
amount (a total of 22 observations) are also excluded from the analysis. When 
estimating the effect o f drinking frequency on wages for women, dummy variables 
for drink 1 to2w, drink3to4w and drinkdaily are not used due to the same reason as 
above. Instead a dummy variable indicating whether or not women consume alcohol 
more often than once or twice a month, drinkoften, is used.
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Methodology -  Address the Potential Endogeneity o f  Drinking and Smoking
Drinking and smoking may affect labour market outcomes through unobserved 
factors that are correlated with drinking, smoking and labour market outcomes. 
Therefore, treating drinking and smoking as exogenous may leads to biased estimates. 
Moreover, the results are also likely to be biased under the presence o f measurement 
error (French and Zarkin, 1995) and reverse causality (Mullahy and Sindelar, 1996). 
The existing literature has employed an IV method to address the endogeneity of 
drinking and/or smoking, such as Mullahy and Sindelar (1996), Hamilton and 
Hamilton (1997), Macdonald and Shields (2001), Barrett (2002), Lye and Hirschberg
(2004), Auld (2005), and Lin and Chen (2010). Both the IV method o f Lye and 
Hirschberg (2004) and o f Auld (2005) simultaneously account for the endogeneity o f 
drinking and smoking. However, they are unable to test the validity o f instruments in 
both studies, and the former does not perform an endogeneity test. Other studies that 
fail to employ the IV method are mainly due to lacks of valid instruments (French 
and Zarkin, 1995; Zarkin et al., 1998; and Tekin, 2002).
To account for potential endogeneity o f drinking and smoking in a binary 
employment equation, this chapter employs the Newey (1987)’s two-step estimator. 
Based on Cameron and Trivedi (2009) and StataCorp (2009), the model is as follows:
y'it = Vend*!?* + W it + W it + Out (6-6)
x i t d =  W i t  +  + n 6x g  + Qut, (6.7)
xftnd is a 1 vector of endogenous variables including continuous measures of 
alcohol and cigarette consumption and their square terms, following MacDonald and 
Shields (2001). x is a 1X k 2 vector o f instruments that are correlated with xftnd but
not with ylt . dend, d 2, $3, and n4-n 6 are estimated coefficients. Ont and are
disturbance terms. Equation (6.6) is referred to as a structural equation. Equation (6.7) 
is referred to as a first-stage equation or reduced-form equation, which serves as a 
source o f identifying instruments. For multiple endogenous explanatory variables, 
the first stage of the Newey (1987)’s two-step estimator estimates Equation (6.7) 
using pooled OLS for each endogenous variable and obtains consistent estimates for 
the reduced form coefficients, indicated as ft4-n6.
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If  olit and glit are independent, there is no endogeneity problem. If Ont and are 
correlated, xf™d is endogenous. A Wald test o f the null hypothesis H0: ANewey =  0 
serves as a test of exogeneity of xf™d, is as follows:
® l i t  =  ^ N e w e y Q l i t  e r r o r f t  (6.8)
where errorit is independent o f qn t . If the test statistic is not significant, there is no 
evidence o f endogeneity. In this case, the pooled probit regression is appropriate.
It is possible to test the validity o f instruments in an over identified model (i.e. there 
are more instruments then endogenous variables) by using an Amemiya (1978, 1979, 
and 1983), Lee (1981) and Newey (1987)’s test. The joint null hypothesis is that the 
instruments are valid (i.e. are uncorrelated with the error term), and that the 
instruments are correctly excluded from the employment equation. The test statistic 
is Amemiya-Lee-Newey minimum chi-squared statistic, which has an asymptotic 
chi-squared distribution with degrees o f freedom equal to the number o f over 
identifying restrictions, where the number of over identifying restrictions is the 
number o f instrumental variables minus the number of endogenous variables.
To account for potential endogeneity of drinking and smoking in a wage
determination equation, this study employs the 2SLS estimator. The model is as
follows:
Wit = n 7 + n 3xftnd +  n 9h it + n 10elit + But (6-9)
x f t a = K u  + * i2 hit + n n ett + iz14x g  +  g3it, (6.10)
where, n 7 and n ±1 are constant terms, n s-n10, and n 12-n14 are estimated coefficients, 
q2u and g3it are two disturbance terms, assuming that Cov[ x™, xftnd ] 4- 0, 
Cov [ x ^ f Q2itl = 0, and Cov[x%, g3it] = 0.
For multiple endogenous explanatory variables, the first stage o f the 2SLS is to 
estimate Equation (6.10) using pooled OLS for each endogenous variable and obtains 
consistent estimates for the reduced form coefficients, indicated as 7f11-7f14. With 
these estimates, predicted values o f xftnd can be obtained as:
x f t d =  n n  + n l z h it + h 13elic + n 14x%  (6 .1 1 )
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The F test is used to test the joint significance o f the coefficient on instruments for 
each endogenous explanatory variable. If the F statistic is significant, the instruments 
have significant explanatory power for the endogenous explanatory variable. If it is 
not significant, the instruments have no explanatory power for the endogenous 
explanatory variable. In the second stage, endogenous explanatory variables are 
replaced by their predicted values to estimate Equation (6.9) using pooled OLS.
The Hausman test is used to test for endogeneity o f the suspected endogenous 
variables by comparing the pooled OLS and the 2SLS estimates. Under the null 
hypothesis that the specified endogenous explanatory variables can actually treated 
as exogenous, the test statistic is distributed as chi-squared with degrees o f freedom 
equal to the number o f explanatory variables tested. In addition, the Sargan-Hansen 
test is used to test for the validity o f over identifying instruments, where the null 
hypothesis is that instruments are valid, and are correctly excluded from the 
employment equation. A more detailed specification of the Sargan-Hansen test can 
be found in Section 5.3 in Chapter 5.
Applying an IV method to control for potential endogeneity o f drinking and smoking 
requires instruments that are correlated with drinking and smoking but uncorrelated 
with labour market outcomes. Most o f the existing literature use the price of alcohol 
and/or cigarettes (Hamilton and Hamilton, 1997; and Auld, 2005), measures of 
drinking and/or smoking in the area where respondents live (Mullahy and Sindelar, 
1996; and Barrett, 2002), measures o f drinking and smoking o f respondents’ family 
members (Mullahy and Sindelar, 1996; and Macdonald and Shields, 2001), 
individuals’ illness status (Macdonald and Shields, 2001; and Lye and Hirschberg, 
2004), individuals’ knowledge about the negative effects of drinking and/or smoking 
on health (Macdonald and Shields, 2001; and Lin and Chen, 2010), and individuals’ 
religious status or country o f birth (Lye and Hirschberg, 2004; and Auld, 2005). This 
chapter is unable to use instruments such as individuals’ knowledge about the 
negative effects o f drinking and/or smoking on health or their religious status as 
these are not surveyed by the CHNS.
This chapter considers a number o f alternative variables as potentially suitable 
instruments for drinking and smoking. Recall from the previous chapter, individuals 
are asked what was the doctor’s diagnosis o f your illness during the last month,
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based on a list o f specified illnesses155. According the medical literature, drinking 
and smoking are associated with most of the above illnesses, such as alcohol 
poisoning, infections (Aldoori et al., 1997; Brenner, et a l , 1997; Nuorti et a l , 2000; 
and Davies et a l,  2006), heart disease (Djousse et a l ,  2008), respiratory disease 
(Doll et a l ,  2005), haematological disease (Savage and Lindenbaum, 1986), 
mental/psychiatric disorder (Parrott, 1999; Wetterling and Junghanns, 2000; and 
Cosci, 2007), digestive disease (Freiberg et a l ,  2004; and Yoon et a l ,  2004), sexual 
dysfunction (Peate, 2005; and Arackal and Benegal, 2007), dermatological disease 
(Kostovic and Lipozencic, 2004; and Qureshi et a l,  2010), rheumatologic disease 
(Myllykangas-Luosujarvi et a l,  2000; and Kallerg et a l,  2009). Dummy variables 
are created indicating presence o f either one o f the above diseases or a combination 
o f several diseases due to the low incidence o f those diseases. However, they cannot 
be used as instruments since they are found to be correlated with drinking or 
smoking in the first stage estimation.
Following Mullahy and Sindelar (1996), Macdonald and Shields (2001), and Barrett 
(2002), this chapter uses six continuous variables measuring the share of the 
respondents’ working-age drinkers with a same type of drinking frequency, based on 
the five types of drinking frequency (drink 1 to l m h h ,  drinklto2m_hh, drink 1 to2xv_hh, 
drink3to4w_hh, and drinkdailyJih) 156, and two continuous variables measuring the 
average weekly alcohol and daily cigarettes consumption of the same household 
members (<dkamt_hh, and skamt hh), respectively, as instruments for drinking and
1 S 7smoking. The rationale for these instruments is that drinking and smoking 
behaviour o f an individual may be influenced by their family members or their social 
environment (Barrett, 2002). For example, a higher level o f alcohol or cigarette 
consumption o f an individual’s household members is likely associated with a higher 
level of alcohol or cigarette consumption for such individual.
6.4 Empirical Results
155 The specified illnesses are: infectious/parasitic disease, heart disease, tumour, respiratory disease, 
injury, alcohol poisoning, endocrine disorder, haematological disease, mental/psychiatric disorder, 
mental retardation, neurological disorder, eye/ear/nose/throat/teeth disease, digestive disease, urinary 
disease, sexual dysfunction, obstetrical/gynaecological disease, neonatal disease, dermatological 
disease, muscular/rheumatologic disease, genetic disease, old age/mid-life syndrome, and other.
156 The share of type of drinking frequency of the respondents’ household members is calculated as: a 
ratio between the number of a respondent’s working-age household members in a specified type of 
drinking frequency and the total number of the respondent’s working-age household members.
157 Summary statistics of the instruments are presented in Appendix 6.5.
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6.4.1 The Impact of Drinking and Smoking Status on Employment - based on 
the Pooled Probit and the RE Probit Model
The marginal effects o f drinking and smoking status on employment based on 
Models 1 to 4 for the total sample of the Chinese working-age adults are shown in 
Table 6.2. The results show that the marginal effects o f drinking status on 
employment using the RE probit are lower than those using the pooled probit for all 
measures of drinking. In contrast, the estimated effects o f smoking status using the 
RE probit are higher than those using the pooled probit. The likelihood-ratio test 
statistics under RE probit estimates suggest that the null hypotheses that the pooled 
probit is preferred to the RE probit can be rejected (i.e. p-value = 0.00), therefore the 
results from the RE probit are preferred to the pooled probit estimator. The marginal 
effects of drinking and smoking status on employment based on Models 1 to 4 for 
men and women (and for the young and the older working-age adults) are separately 
shown in Table 6.3 (and in Table 6.4). For all the sub samples within the population, 
the null hypotheses can be rejected, thus marginal effects results from RE probit is 
preferable compared to the results from pooled probit estimator.
The results shown in Table 6.2 indicate that after controlling for the effect of SRHS 
and other explanatory variables, the statistically significant and positive effect of 
drinking and smoking status on employment are confirmed across different measures 
o f drinking and smoking. The only exception is the marginal effects of the 
continuous measure of cigarettes consumption. The estimation results of Model 3 
show that there is an (slight) inverse U-shaped relationship between drinking and 
employment for the Chinese working-age adults and the positive effect peaks at 
drinking 3 to 4 times per week. This inverse U-shaped effect, which is further 
confirmed by the results o f Model 4, is found be consistent with the medical 
literature. Nevertheless, it might also be a result o f the alcohol’s positive social effect.
Smoking is found to be positively correlated with employment, which is inconsistent 
with the literature. A possible explanation is based on the special Chinese culture in 
terms of showing respect and hospitality during social interactions, smoking may 
positively affect employment through a way o f maintaining good relations with 
employer, colleagues, and customers. It is also found that the positive effect on 
smoking on employment increases as the level of daily cigarettes consumption
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amount increases. According to the results of Model 4, there is no evidence o f an 
significant relationship between smoking and employment.
Table 6.3 shows that there is a statistically significant and positive effect o f drinking 
status on employment for both genders. Based on the results from Models 3 and 4, an 
(slight) inverse U-shaped relationship between drinking and employment is found for 
men but not for women. For women, as shown in marginal effect from Model 3, the 
positive effect o f drinking on employment is estimated at the lowest level o f drinking 
frequency (with a marginal effect o f 3.1 percentage points which is significantly 
different from zero at 5% level). Moreover, women who drink once or twice a week 
are also more likely to be employed than those who are non-drinkers, with a marginal 
effect o f 2.7 percentage points, which is significantly different from zero at 10% 
level. The effect of smoking on employment is statistically significant and positive 
for men but is negative for women. The result in terms of the negative effect of 
smoking on employment for women is also consistent to the theory. For men, the 
positive effect of smoking on employment increases as the level of daily cigarettes 
consumption amount increases. Overall, the statistically significant and positive 
effect o f drinking and smoking status on employment for men, as well as the 
statistically significant and positive effect o f drinking status and the negative effect 
o f smoking status on employment for women are confirmed using the different 
measures o f drinking and smoking. The exception is that there is no statistically 
significant effect of the continuous measure of cigarettes consumption for men. Not 
surprisingly, the positive relationship between smoking and employment for men is 
similar to that for the total sample since 97% of smokers are males.
The results for both genders show some differences compared to the existing 
literature. The impact of drinking on employment for men and women in China are 
different to those found in Tekin (2002) for Russia. The author finds that the positive 
effect o f drinking on employment based on the pooled OLS disappears for men and 
reduces a lot for women after applying the FE linear method. The inverse U-shaped 
effect also disappears for both genders. Based on the pooled OLS, Lin and Chen 
(2010) find that smoking is negatively correlated to the probability of being 
employed for both Taiwanese men and women, and the effect is larger for women 
than for men.
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As shown in Table 6.4, a statistically significant and positive effect of drinking on 
employment for both the young and the older working-age adults is confirmed across 
Models 1-4, and the effect is larger for the older than for the young working-age 
adults. In addition, the inverse U-shaped relationship between drinking and 
employment is found for both age groups. There is a statistically significant and 
positive effect of smoking on employment for the young working-age adults, and the 
effect increases as the level o f daily cigarettes consumption amount increases. 
However, for the older counterparts smoking is not an important predictor o f 
employment, except that smoking more than 20 cigarettes per day are 5.2 percentage 
points more likely to be employed than those who do not smoke.
The results o f the three sensitivity analyses based on the preferred RE probit 
estimator for the total sample are shown in Table 6.5. Results from Model 1 (which 
is also known as the ‘direct effect’ model) in Table 6.5 are the same as to that in 
Table 6.2. The results of the first sensitivity analysis are presented in columns 2-5 
(include Models I to IV). Model I (which is also known as the ‘full effect’ model) 
shows the marginal effects o f drinking and smoking status on employment without 
controlling for the effect o f SRHS, educational attainment and marital status. Models 
II to IV show the results by excluding either one o f the three variables. The second 
sensitivity analysis includes Models V and VI, where Model V estimates the 
marginal effects of drinking status on employment by excluding the effect of 
smoking, and Model VI estimates the marginal effects o f smoking when drinking 
variable is omitted. The third sensitivity analysis, Model VII, examines the 
interaction effect o f drinking and smoking status on employment. The results of the 
same sensitivity analyses for the sub samples within the population are shown in 
Appendix 6.6.
Model 1 in Table 6.5 shows that individuals who drink alcohol are 2.6 percentage 
points more likely to be employed than individuals who do not. Smokers are 1.2 
percentage points more likely to be employed than nonsmokers. Omitting the SRHS, 
controls for education and marital status increase the effect o f drinking and decrease 
the effect of smoking, although the changes are modest. This finding is consistent to 
that in Macdonald and Shields (2001), Tekin (2002), and Auld (2005). Similar 
conclusions are made based on the results shown in Models II to IV. Moreover,
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based on result o f the first sensitivity analysis in Appendix 6.6, there is no evidence 
o f indirect effects of drinking or smoking on employment for the sub samples.
According to the results from the second sensitivity analysis in Models V-VI, 
excluding smoking / drinking status has a limited effect on the marginal effects of 
drinking status / smoking status on employment, which is consistent with Auld
(2005). The same conclusion is also made for the sub samples. For example, when 
smoking status is omitted, the estimated effect o f drinking for men increases from 2.0 
percentage points to 2.3 percentage points. When drinking is omitted, the estimated 
effect o f smoking for men increases from 1.1 percentage points to 1.6 percentage 
points.
As shown in Model VII, for the total sample, individuals who drink alcohol but do 
not smoke and who smoke but do no drink alcohol are 3.2 and 2.0 percentage points 
more likely to be employed than those who neither drink alcohol nor smoke, 
respectively. The estimated result o f individuals who both drink alcohol and smoke 
has the largest effect among the three groups, with a value of 3.8 percentage points. 
However, this result is equal to the sum of the other two from Model 1 (i.e. 2.6 +1.2 
percentage points = 3.8 percentage points), suggesting that there is no evidence on 
the interaction effect o f drinking and smoking on employment. Based on result o f the 
third sensitivity analysis in Appendix 6.6, the same conclusion is made for the sub 
samples.
6.4.2 The Impact of Drinking and Smoking Status on Wages -  based on the 
Pooled OLS and the FE Model
The pooled OLS and the FE estimation results of the effect of drinking and smoking 
status on hourly wages for the total sample of Chinese workers based on Models 1 to 
4 are presented in Table 6.6. The Hausman test statistics strongly reject the null 
hypothesis that RE provides consistent estimates, thus FE is preferable to pooled 
OLS. The estimation results based on Models 1 to 4 for men and women (and for the 
young and the older working-age adults) are separately shown in Table 6.7 (and in 
Table 6.8). The Hausman test statistics for all the sub samples also strongly reject the 
null hypothesis, which implies that FE is the preferred model.
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Table 6.6 shows that there is no statistically significant effect o f drinking or smoking 
on wages for the Chinese workers. This result is robust to different measures of 
drinking and smoking status. Furthermore, it is not sensitive to the models. The only 
exception is that in Model 3 daily drinkers tend to earn 3.7% more than non-drinkers. 
However, once the individual unobservable factors are controlled for, the statistically 
significant effect disappears. Based on the OLS approach, French and Zarkin (1995) 
find that there is a positive and inverse U-shaped relationship between drinking and 
wages for the American workers. However, the result obtained in this chapter 
suggests that drinking or smoking is not an important predictor of wages for the 
Chinese workers.
As shown in Table 6.7, there is no statistically significant relationship between 
drinking alcohol and wages for either gender. For women, the pooled OLS estimates 
show a positive and inverse U-shaped relationship between drinking and wages. 
Again, the statistically significant effects disappear once the individual unobserved 
factors are controlled for. There is also no statistically significant relationship 
between smoking and wages for either gender. The results for both genders are 
consistent with those in Neumann (2009). The results for women are also consistent 
with those in Lin and Chen (2010), Van Ours (2002), Zarkin et al. (1998), and 
Heineck and Schwarze (2003), although results for men from these studies are mixed. 
For example, Lin and Chen (2010) find a negative effect o f smoking on earnings for 
Taiwanese males. Van Ours (2002) applies the analysis of starting rates for drinking 
and smoking to account for the unobservable factors and finds that OLS 
overestimates the positive effect o f drinking and underestimates the negative effect 
o f smoking on wages for men. Zarkin et al. (1998) use the pooled OLS approach and 
find that there is statistically significant and positive relationship between drinking 
for American men. Heineck and Schwarze (2003) use the same methods as used in 
this chapter and find that smoking is positively correlated to male workers.
Table 6.8 shows that there is no statistically significant relationship between drinking 
and wages for either the young or older working-age workers. For the young 
working-age workers, smoking does not have a statistically significant effect on 
wages. For the older working-age workers, smoking is positively correlated with 
wages after controlling for individual unobservable factors. According the FE
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estimates in Models 1 and 3, current older working-age smokers tend to earn 9% 
more than those who do not smoke. The FE estimates in Model 2 show that 
individuals who have ever smoked tend to earn about 10% more than those who have 
never smoked.
The results of the three sensitivity analyses based on the FE (the preferred model) for 
all the sample groups within the population are presented in Appendix 6.7. It shows 
that there is no evidence o f the indirect effect of drinking or smoking status on wages 
for all the sample groups. Moreover, excluding smoking / drinking from the model 
does not affect the effect o f drinking / smoking on wages. Based on the sample o f 
Canadian men, Auld (2005) finds that failure to control for drinking underestimates 
the negative effect o f smoking on income, and failure to control for smoking also 
affects the estimated result o f the drinking variables in different directions. There is 
also no evidence o f the interaction effect of drinking and smoking on wages for all 
the sample groups, which is found to be different to that in Lye and Hirschberg 
(2004). The authors investigate the interaction effect o f smoking with drinking 
alcohol by estimating the effect o f drinking status on income separately for 
Australian male smokers and non-smokers. They find that there is a positive and 
inverse U-shaped relationship between alcohol consumption and income for non- 
smokers but not for smokers.
A concern which might be raised in the analysis is to correct for the sample selection 
bias in the wage model. Tekin (2002) argues that if  the selection is caused by 
unobserved time-invariant factors, the FE will control for such selection and there is 
no need to correct for selectivity. However, the last chapter applies the Heckman 
(1979)’s selection model to correct for the sample selection bias and finds a 
considerable effect o f the bias in estimating the effect o f SRHS on wages. After 
correcting for the sample selection bias, the statistically significant and positive 
effect between SRHS and wages disappears. The author also applies the same model 
to correct for the sample selection bias in this chapter. However, the author dose not 
reported the result based on the Heckman (1979)’s selection model, since it is 
consistent with the result based on the FE, implying that there is no effect of drinking 
or smoking on wages for the Chinese workers.
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6.4.3 Addressing the Potential Endogeneity of Drinking and Smoking -  IV 
Models
The above analyses assume that drinking and smoking are exogenous. In accounting 
for their potential endogeneity in the employment and wage analysis this chapter 
applies the Newey (1987)’s two-step and the 2SLS estimator, respectively. The 
coefficient estimates based on the second stage regression o f the Newey (1987)’s 
two-step estimator for all the sample groups are shown in the top panel of Table 6.9. 
In addition, the over identification test statistic (the Amemiya-Lee-Newey minimum 
chi-squared statistic), and the Wald test statistic for the endogeneity o f drinking and 
smoking are also presented. For comparison, the middle and bottom panel of Table
6.9 present the estimation results of marginal effects based on the pooled probit and 
the RE probit, respectively, where drinking and smoking are treated as exogenous. 
Estimation results from the first stage o f the Newey (1987)’s two-step estimation are 
shown in Table 6.10.
As shown in Table 6.9, the insignificance of the Amemiya-Lee-Newey minimum 
chi-squared statistic for all the sample groups suggests that the instruments are 
correctly excluded from the employment equation. For women, the Wald test statistic 
reject the null hypothesis of exogeneity o f drinking and smoking, suggesting that 
Newey (1987)’s two-step estimation is more appropriate than the the pooled probit 
estimation. For the other sample groups, the null hypothesis of exogeneity of 
drinking and smoking cannot be rejected, suggesting that there is no endogeneity 
problem and the pooled probit estimation is more appropriate than the Newey 
(1987)’s two-step estimation. Accordingly, previous conclusion that RE probit is the 
preferred model holds.
The Newey’s (1987) two-step estimates show that there is a positive and inverse U- 
shaped relationship between drinking and employment for women, and the positive 
effect is larger for women (with a marginal effect158 of 6.4 percentage points which is 
significantly different from zero at 10% level) comparing to the preferred RE probit 
estimates (with a marginal effect o f 0.1 percentage points which is significantly
158 The Newey’s two-step estimation is performed by Stata. However, unlike the pooled probit or the 
RE probit, the postestimation such as computing marginal effect with command ‘margins’ are not 
available after the Newey’s two-step estimation. Therefore, the author computes the marginal effect 
after the Newey’s two-step estimation manually.
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different from zero at 1 % level) for men. In addition, a larger effect of drinking on 
employment for the young than for the older working-age sample, which is found in 
Table 6.9, is consistent with that found in Table 6.4. There is no statistically 
significant relationship between smoking and employment for the total sample or the 
sub samples within the population. For women, after controlling for the endogeneity 
of smoking, its negative effect on employment no longer exists, which suggests that 
smoking negatively affect employment through unobserved factors, thus treating 
smoking as exogenous would lead to biased estimate.
The effect o f the instruments on individual alcohol and cigarette consumption after 
controlling the effect o f SHRS and other explanatory variables are presented in the 
top and the bottom panel o f Table 6.10, respectively. Recall from the last section, a 
group of five variables, d rin k lto lm jih , drinkl to2m_hh, drink 1 to 2w_hh, 
drink3to4w_hh, and drinkdaily hh are defined as the share o f the respondents’ 
working-age household members with one out o f five types o f drinking frequency, 
variables dkamt_hh, and skamt_hh are defined as the average amount of alcohol and 
cigarettes consumption of the same household members, respectively.
For the total sample, the share o f all types drinking frequency are found to be 
negatively correlated with individual alcohol consumption. A similar result is also 
found for the sub samples. Moreover, for all the sample groups, the effect o f these 
instruments on individual cigarettes consumption shown in the bottom panel of Table
6.10 is similar to that on individual alcohol consumption found in the top panel o f the 
table.
The top panel of Table 6.10 also shows that the average amount of alcohol 
consumption of the respondents’ household members is found to be positively 
correlated with individual’s alcohol consumption for all the sample groups. The 
result o f the effect o f skamt hh in the smoking equation yields a similar conclusion. 
However, there is a statistically significant and negative relationship between 
average amount of cigarettes consumption o f the respondents’ household members 
and individual alcohol consumption. The average amount o f alcohol consumption of 
the respondents’ household members is found to be positively correlated with 
individual’s cigarettes consumption for the total and the young working-age sample.
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However, it is negatively affect individual’s cigarettes consumption for men and the 
older working-age sample
Table 6.11 shows the estimation results of the effect of drinking and smoking on 
wages for all the sample groups when taking into account the potential endogeneity 
o f drinking and smoking. The top panel o f the table shows the results of the second 
stage o f the 2SLS. In addition, the over identification test statistic (the Hansen J 
statistic), and the Hausman test statistic for the endogeneity o f drinking and smoking 
are also presented. The middle and bottom panel o f Table 6.11 show the estimation 
results based on the pooled OLS and the FE method, where drinking and smoking 
status are treated as exogenous. Estimation results from the first stage of the 2SLS 
estimation, along with the F statistic for the joint significance o f the coefficients on 
the instruments, are shown in Appendix 6.8.
The insignificance of the Hansen J statistics suggests that the instruments are 
correctly excluded from the wage equation. In addition, the F statistics shown in 
Appendix 6.8 are significant at the 1% level for all the sample groups, indicating that 
the instruments have significant explanatory power for the potentially endogenous 
variables after controlling for the other explanatory variables. Moreover, the 
estimation results from the first stage o f the 2SLS are consistent with that from the 
first stage o f the Newey (1987)’s two-step estimator. As shown in Table 6.11, for all 
the sample groups, the null hypothesis o f exogeneity o f drinking and smoking cannot 
be rejected since the Hausman test statistics shown in the top panel o f the table are 
not statistically significant, suggesting that the pooled OLS estimation is more 
appropriate than the 2SLS estimation. Accordingly, the previous conclusion that FE 
is the preferred method is also made in this chapter.
For all the sample groups, the pooled OLS and the FE estimation results shown in 
Table 6.11 are consistent with those in Tables 6.6-6.8. In addition, the finding that 
there is no statistically significant effect o f drinking or smoking intensity on wages is 
not sensitive whether drinking and smoking are treated as endogenous or exogenous, 
which is found to be different to that in Auld (2005). Auld (2005) finds treating 
smoking as endogenous increases the negative effect of smoking status on annual 
wage income based on the sample of Canadian men. The only exception is that the
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positive and inverse U-shaped relationship between drinking intensity and wages for 
women disappears once controlling for the individual unobserved factors.
6.5 Conclusions
This chapter contributes to the literature which examines the simultaneous effect of 
drinking and smoking on employment and wages by providing new evidence on the 
relationship between health-related behaviours and labour market outcomes for the 
Chinese working-age population. It also helps to produce evidence in achieving a 
balance between economic development and public health, and between short-term 
and long-term alcohol and tobacco control strategies.
The chapter employs panel data methods, which include the RE probit and FE in 
estimating the effect o f drinking and smoking behaviour on employment and wages, 
respectively, to allowing for the panel nature of the data. Furthermore, the Newey 
(1978)’s two-step and the 2SLS estimator in used to account for the potential 
endogeneity o f drinking and smoking in the employment and wage analysis, 
respectively. The share o f the respondents’ working-age household members with the 
same type o f drinking frequency and the average amount of alcohol and cigarettes 
consumption of the respondents’ working-age household members are used as 
instruments of drinking and smoking. The test o f instruments validity shows that the 
instruments are correctly excluded from both employment and wage equation. 
However, the endogeneity test shows that drinking and smoking are exogenous to 
wages. There is also no evidence o f endogeneity o f drinking or smoking in the 
employment analysis for all the sample groups except for women.
There is a positive and inverse U-shaped relationship between drinking and 
employment for the Chinese working-age population. This finding is robust across 
different ways measuring drinking behaviour, which is also consistent with the 
medical literature. Smoking incidence is found to be positively correlated with 
employment, whereas there is no statistically significant effect when using average 
daily cigarettes consumption is used as a measure o f smoking. There is no 
statistically significant effect o f drinking and smoking on hourly wages for the 
Chinese working-age population, and the result is not sensitive across methods or 
different measures of drinking or smoking behaviour. The results in terms of the
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effect o f smoking on labour market outcomes are found to be different from most of 
the existing literature. For the Chinese working-age population, the unique cultural 
background on smoking behaviour is in favour o f labour supply, whereas is not much 
related to the labour productivity.
Most o f the studies consider on the gender differences in estimating the effect o f 
drinking and/or smoking behaviour on the labour market outcomes, although the 
results are somewhat mixed. In this chapter, analysis is also carried out for sub 
samples within the population, which allows us to explore the differences across 
genders and age groups. There is evidence of a positive for both genders, and the 
effect is larger for women than for men. Additionally, there is an inverse U-shaped 
relationship between drinking and employment for men but not for women. For men, 
the smoking incidence is found to be positively correlated with employment whereas 
average daily cigarettes consumption is not. For women, after controlling for the 
endogeneity of drinking and smoking, the negative and U-shaped relationship 
between smoking intensity and employment disappears. There is no statistically 
significant effect of drinking and smoking on wages for both genders. For men, the 
result is not sensitive across models or different measures of drinking and smoking 
behaviours. For women, the positive and inverse U-shaped relationship between 
drinking and employment is driven by individual unobserved factors.
There is a positive and inverse U-shaped relationship between drinking and 
employment for both the young and the older working-age adults, and the effect is 
larger for the later than for the former. For the young working-age adults, smoking 
incidence is found to be positively correlated with employment whereas average 
daily cigarettes consumption is not. For the older working-age adults, only those who 
smoke more than 20 cigarettes per day are found to be positively correlated with 
employment. There is no statistically significant effect o f drinking on wages for both 
sample groups, and the result is not sensitive across models or different measure of 
drinking behaviour. For the young working-age sample, there is no statistically 
significant relationship between smoking and wages. For the older counterparts, 
smoking incidence is found to be positively correlated with wages after controlling 
for individual unobserved factors.
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The results o f sensitivity analyses provide little evidence of the indirect effect of 
drinking or smoking status on labour market outcomes through health status, 
educational attainment or family formations. The analysis also finds that failure to 
control for drinking/smoking status has a limited effect on the estimated result of 
smoking/drinking status in the employment equation. In addition, there is no 
evidence of the interaction effect o f drinking and smoking status on employment for 
the Chinese working-age adults and all the sub samples except for women.
It is worth noting that the sample used in the wage analysis does not include 
agricultural workers and the self-employed because most o f them report their income 
from other sources. However, drinking and smoking behaviour may have important 
impact on their productivity. Therefore, future analysis could focus on this group of 
population by using a net profit earned from agricultural work and self-employment 
to measure labour productivity. Moreover, this chapter estimates contemporaneous 
effect o f drinking and smoking (e.g. drinking status in the last year, and current 
cigarette consumption) on labour market outcomes (e.g. current employment status, 
and averaged monthly wages in the last year). However, drinking and smoking 
behaviour might not likely to affect or may have a limited effect on labour market 
outcomes in a short term period (Mullahy and Sindelar, 1996). In other words, the 
effect may occur with a lag. Therefore, it would be reasonable to explore the 
dynamic effect of health related behaviour on labour market outcomes.
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Chapter 7 Conclusion
The Chinese economy has carried out progressive reforms over the decades and the 
Chinese labour market has also experienced substantial change in line with the 
progress of the reforms. It implied a transition from a centrally planned to a more 
flexible and increasingly market-oriented labour market. Changes in both systems of 
job assignment and of wage determination were the most noticeable. Over the same 
period there were three main national health insurance systems as well as the 
growing private insurance system to jointly provide comprehensive healthcare 
benefits for the Chinese population, which lead to considerable progress in 
improving the health outcomes. These changes have implications for the relationship 
between health and labour market outcomes.
So far, much of the work in studying the effect of health on labour market outcomes 
has been based on developed countries such as UK, US, Germany and Austria. For 
developing countries, very few studies exist (for example, Behrman and Deolalika 
1988; and Strauss and Thomas, 1998), and especially for China, such studies are 
relatively scarce (Wei, 2004). Some researchers suggest that health is thought to be a 
major determinant of labour market outcomes in developing countries. This is 
probably because the relationship between health and labour market outcomes is 
more apparent in societies in which many prime age adults are under-nourished and 
in poor health, and also because the theory of efficiency wages provides a natural 
starting point for examination of this issue (Currie and Madrian, 1999).
Although there is a possibility that the direction of causality runs from better labour 
market outcomes to health, or unobserved factors affect both health and labour 
market outcomes in either the same or different directions. Many empirical studies 
have evidenced that better health is conducive to employment and raises individual’s 
productivity. Based on the panel data from the China Health and Nutrition Survey 
(CHNS), this thesis draws on those studies, and investigates the impact of health and 
health-related behaviour on employment and wages for the Chinese working-age 
population.
Chapter 4 examines the effect of self-reported health status and obesity on the 
probability of being employed. The panel nature of the CHNS data enables 
estimation of a RE probit model and a FE logit model to control for unobservable
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individual factors. In estimating the effect o f having poor health status on 
employment, this thesis also employs a recursive bivariate probit model to take into 
account the potential endogeneity of health. The same model is also employed when 
estimating the effect o f obesity on employment. The analysis draws the following 
major findings. First, there is a statistically significant and positive relationship 
between having better health status and employment for the Chinese working-age 
population. Second, having an unhealthy BMI is found to be negatively associated 
with employment. These two findings are consistent with the international literature. 
Based on the estimated results, people who have excellent, good, or fair health status 
are predicted to increase the probabilities o f being employed compared to those who 
have poor health status. However, they have similar impact on employment. In other 
words, any changes among the excellent, good or fair health status would not 
significantly change the probabilities o f being employed. Third, the results on effect 
of health on labour market outcomes for the sub samples within the Chinese 
working-age population are also found to be consistent with the international 
literature, the positive relationship between better health and employment is larger 
for men and older working-age population than for women and the young working- 
age population, respectively. In addition, the results also suggest that the effect for 
urban residents is found to be larger than the effect for their rural counterparts, which 
is consistent with the expectation. Fourth, controlling for the effect o f SRHS only 
slightly reduce the marginal effects o f BMI on the probability of being employed 
Although SRHS may not completely capture the impact o f health on productivity, the 
result still reflects the presence o f discrimination against people who have unhealthy 
body weight. As for the sub samples, being underweight is negatively correlated with 
employment for men, whereas the negative effect is found for women who are 
overweight or obese. Fifth, failure to control for individual unobserved factors would 
bias the estimates o f the effect of health on employment. Comparing the marginal 
effects estimates after the pooled probit, estimates after RE probit are similar in 
terms o f sign but smaller in terms of magnitude. Sixth, there is no evidence of 
endogeneity o f health. Based on the bivariate probit model, the analysis fails to reject 
the null hypothesis of exogeneity of SRHS for all the sample groups except for 
women. In addition, being overweight is found to be endogenously related to 
employment. The finding that failure to account for the endogeneity of being
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overweight underestimates its impact on employment is consistent with international 
literature.
Chapter 5 estimates the impact o f self-reported health status and obesity on hourly 
wages. The RE and the FE model are used to control for the individual unobservable 
factors. Based on an index measure o f the self-reported health status and a 
continuous measure o f BMI, the relationship between health and wages also uses a 
Two Stage Least Squares (2SLS) and a Heckman (1979) selection correction method 
to separately accounting for the potential endogeneity o f health and the sample 
selection bias. The key major findings are concluded as follows. First, there is 
limited evidence that better health status increases labour productivity and therefore 
wages. Only having excellent health status are found to be positively affect hourly 
wages for the Chinese workers. Second, having an unhealthy BMI does not have a 
statistically significant effect on wages. This finding is robust to the use o f the 
alternative BMI classifications for the Chinese population. Third, the sensitivity 
analysis based on two constructed variables o f the real hourly wage income shows 
that using the real hourly wage plus bonuses to measure labour productivity yields 
more pronounced results than the use of the real hourly wage rate. As such it can be 
argued that the use o f the real hourly wage rate may not fully reflect productivity 
gains form health. Fourth, there is no statistically significant effect o f having 
unhealthy body weight on hourly wages for male workers. However, for female 
workers being obese is predicted to reduce hourly wages by 22.40% compared to 
their normal weight counterparts, which is larger than that of the international 
literature. There are two potential implications. On one hand, obesity is a relatively 
more important factor in predicting labour productivity for the Chinese women. On 
the other hand, if  controlling for the effect of SRHS that fully captures the effect of 
health on wages, discrimination against obesity for the Chinese women is more 
pronounced than those from other countries. Fifth, there is no evidence of 
endogeneity o f health. Based on the 2SLS method, the null hypothesis of exogeneity 
of health cannot be rejected for all sample groups within Chinese population. 
However, the result based on the Heckman method suggests the presence o f sample 
selection bias in estimating the effect o f health on hourly wages for the Chinese 
workers. The statistically significant and positive relationship between better health 
and wages largely disappears after controlling for sample selection bias.
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Chapter 6 examines the simultaneous effect o f drinking and smoking status on 
employment and wages. To allow for the potential endogeneity of drinking and 
smoking simultaneously, this chapter adopts a Newey (1978)’s two-step and a 2SLS 
method to estimate the effect on employment and wages, respectively. Most of the 
relevant work has been conducted in the Western countries, particular in the US, and 
comparatively fewer studies based on other western countries such as the UK, 
Germany, Canada, and Australia. This chapter asks how drinking and smoking 
impact on labour market outcomes in China ;and whether these impacts are 
comparable with those found in other studies. In Chinese culture drinking and 
smoking are popular social customs and this is important in understanding the results 
o f such research.
For the overall population, both drinking and smoking status are found to be 
positively correlated with employment but not with hourly wages. The result 
confirms the literature that there is a positive aind inverse U-shaped relationship 
between drinking and employment, which is also robust across different ways 
measuring drinking behaviour. Second, there is evidence o f a positive and inverse U- 
shaped relationship between drinking and employiment for all the sub samples, and 
the effect is larger for women / the young working-age adults than for men / the older 
working-age adults. Smoking incidence is found to be positively correlated with 
employment for men and the young working-age sample but not for women or the 
older working-age sample. There is no statistically significant effect of health-related 
behaviour on hourly wages for the sub samples, except for the older working-age 
adults, where smoking incidence is found to be positively correlated with hourly 
wages. The results in terms o f the effect o f smokimg on labour market outcomes are 
found to be different from most o f the existing literature. For the Chinese working- 
age population, the positive effect o f smoking on labour market outcomes may be 
because that smoking serves as a bridge o f communication with colleagues, 
employers and customers and thus helps to increase employment opportunities, 
staying employed and providing opportunity for promotion. Third, the presence of 
individual unobserved factors yields different result in estimating the effect o f health 
related behaviour on employment and wages. For 'women, the positive and inverse 
U-shaped relationship between drinking and emplloyment is driven by individual 
unobserved factors. For the older working-age adultts, smoking incidence is found to
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be positively correlated with wages after controlling for individual unobserved 
factors. Fourth, there is no evidence o f endogeneity of drinking or smoking.
Although establishing a link between empirical findings and policy initiatives is not 
always straightforward (Qiu, 2007), the results of this thesis still provide evidence to 
policy makers, including the Eighteenth and the Seventeenth National Congress of 
the CPC on improving the health of the whole nation. Although the Chinese health 
care system has made considerable progress in improving the health outcomes of the 
Chinese population, it is still less competitive in international terms. The positive 
effect of health on labour market outcomes suggests there is an economic benefit to 
better level of health. The national (both government and private) expenditure on 
health is low by international standards. Accordingly, it is important to improve the 
Chinese health care system along with increase the expenditure on health. This is 
also potentially important to public policymakers to conduct a more efficient 
allocation o f public resources, where the improvement o f people who have poor 
health status should be given more consideration. Based on the estimated results 
found in Chapter 4, improving health status from poor to fair would increase the 
employment probability by 8.8 percentage points, which is similar to the marginal 
effect (with a value o f 9.0 percentage points) o f changing from poor to good health 
status on the employment probability.
This thesis has several limitations. It fails to test the validity o f exclusion restriction 
for instrumental variable in estimating in addressing the potential endogeneity of 
health to employment. This is primarily limited by the application o f econometric 
methodologies. To the author’s knowledge there is still no formal test for instrument 
validity for the bivariate probit model. In estimating the effect of health on wages by 
allowing the its potential endogeneity, the analysis does not consider the discrete 
nature of self-reported health status. Lee (1982) argues that failure to take into 
account the discrete nature o f the indicators might introduce econometric problems. 
In addition, this study applies different methods to separately address different 
econometric issues (such as endogeneity and sample selection bias). The current 
methods to account for sample selection bias in panel models are still in an 
experimental stage and remain questionable. In this context, further efforts are 
expected to extend the analysis to consider the above problems and a more 
satisfactory method to address those econometric issues is required.
305
The measures health and labour market outcomes used in this thesis are not without 
drawbacks. For example, the self-reported health status might introduce justification 
bias, while even the objective BMI measure cannot efficiently distinguish between 
muscle and fat, thereby producing measurement error. The dependent variable used 
in the employment analysis simply relies on a binary choice, i.e. either being 
employed or not. On one hand, the employment status cannot distinguish self- 
employment from paid employment, and job seeking from being out of the labour 
force. On the other hand, the effect of health on hours of work is not captured. For 
example, being in unfavourable health status or BMI category might only reduce 
individuals’ hours of work, while remaining in employment. Accordingly, another 
possible extension to the study is to focus the hours of work. The sample used in the 
wage analysis does not include the agricultural workers and self-employed because 
most of them reporting their income from other sources. Nevertheless, this thesis 
would have benefited from a question regarding the net profit earned from 
agricultural work and self-employment on measure labour productivity, it is also 
worth noting that adverse health outcomes such as obesity and excessive alcohol 
consumption might not likely to affect or have a limited effect on labour market 
outcomes in a short term period due to the presence of lagged effect. Therefore, it 
would be reasonable to explore the dynamic effect o f health and health-related 
behaviour on labour market outcomes.
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